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REPORT  OF  SECRETARY. 

Prof.  Theobald  Smith,  President  Section  /, 

Fifteenth  International  Congress  on  Hygiene  and  Demography. 
Sir  :  In  accordance  with  the  provision  of  Article  XII  of  the  regu- 
lations of  the  congress,  we  herewith  submit  a  report  of  the  section  pro- 
ceedings of  the  meeting  held  at  Washington,  September  23  to  28, 
1912,  together  with  such  manuscripts  of  the  papers  read  as  have  been 
delivered  into  our  hands  as  secretaries  pro  tempore,  Dr.  Philip  Han- 
son Hiss  being  unavoidably  absent. 

Monday,  September  23 — 3  p.  m. 

The  first  session  was  called  to  order  by  the  president,  Prof.  Theo- 
bald Smith,  who  announced  the  following  honorary  presidents  of- 
Section  I: 

Prof.  Friedrich  Loeffler,  of  Greifswald,  Germany;  Prof.  August 
Gaertner,  of  Jena,  Germany ;  Prof.  George  Nuttall,  of  Cambridge, 
England;  Prof.  Adolf  Dieudonne,  of  Munich,  Germany;  Regie- 
rungsrat  Dr.  A.  Weber,  of  Berlin,  Germany ;  Prof.  Alfred  Petters- 
son,  of  Stockholm,  Sweden;  Prof.  Karl  Landsteiner,  of  Vienna, 
Austria. 

Dr.  D.  L.  Harris,  nominated  by  Dr.  V.  C.  Vaughan,  was  made  tem- 
porary secretary. 

Papers  were  presented  in  the  symposium  on  filterable  viruses  as 
follows : 

Some  Experiments  upon  the  Nature  of  the  Virus  of  Rabies, 
by  Drs.  Daniel  Warren  Poor  and  Edna  Steinhardt,  Department 
of  Health,  New  York  City. 

Natural  and  Induced  Immunity  to  Typhus  Fever,  by  Drs. 
Goldberger  and  Anderson,  United  States  Public  Health  Service, 
Washington,  D.  C. 

Observations  on  a  Chicken  Sarcoma  and  its  Filterable  Cause, 
Drs.  Rous  and  Murphy. 

Tuesday,  September  24 — 9.30  a.  m. 

The  second  session  was  called  to  order  hy  the  president,  Prof. 
Theobald  Smith,  who  presided  throughout  the  morning. 
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Papers  were  presented  on  the  subject  of  special  selective  media  for 
microorganisms,  as  follows: 

Selective  Culture  Media  for  Growth  of  Cholera  Spirilla,  by 
Prof.  Dr.  Adolf  Dieudonne,  University  of  Munich,  Germany. 

Egg  Agar  as  Culture  Medium  for  Cholera  Spirilla,  by  Dr. 
Charles  Krumwiede,  jr.,  New  York  City. 

A  Plating  Medium  for  the  Recognition  of  Acid  and  Nonacid 
Producing  Bacteria,  by  Dr.  A.  J.  Bendick,  College  of  Physicians 
and  Surgeons,  Columbia  University,  New  York  City. 

Special  Culture-media  for  Pure  Cultures  of  Amebae  found  in 
Intestines  of  Animals,  Dr.  A.  W.  Williams,  research  laboratory, 
New  York  City. 

Bacterial  Water  Examination,  by  Prof.  Edwin  O.  Jordan, 
University  of  Chicago,  Chicago,  111. 

Cultivation  of  Malarial  Plasmodia  in  Vitro,  by  Dr.  C.  C.  Bass, 
New  Orleans,  La.     This  subject  was  illustrated  with  lantern 
slides. 
The  following  members  of  the  congress  joined  in  the  discussion : 

Dr.  E.  Libman  (New  York  City),  Dr.  Karl  Landsteiner 
(Austria),  Capt.  C.  F.  Craig,  U.  S.  Army  (Washington,  D.  C), 
Prof.  Dr.  A.  Gaertner  (Jena,  Germany),  Dr.  F.  L.  Rector 
(Brooklyn,  N.  Y.),  Prof.  Edwin  O.  Jordan  (Chicago,  111.),  Dr. 
Wm.  H.  Park  (New  York  City). 

Tuesday,  September  24 — 2.10  p.  m. 

The  third  session  was  called  to  order  by  the  president,  Prof.  Theo- 
bald Smith,  who  presided  throughout  the  afternoon. 
Papers  were  presented  upon  miscellaneous  subjects,  as  follows: 

A  Critical  Study  of  Acid-fast  Bacilli  Cultivated  from  the 
Human  Leprous  Lesion,  with  Especial  Reference  to  their  Etio- 
logical Significance,  by  Prof.  Charles  W.  Duval,  Tulane  Uni- 
versity, New  Orleans,  La. 

Influenza  Meningitis,  Experimental  and  Clinical,  by  Dr. 
Martha  Wollstein,  Rockefeller  Institute  for  Medical  Research, 
New  York  City,  was  read  by  title,  its  author  being  absent. 

Preventive  Inoculations:  Experimental  and  Clinical  Studies 
on  the  Use  of  Leukoc}'tic  Extract  in  the  Treatment  of  Erysipelas, 
Pneumonia,  et  cetera,  by  Prof.  Philip  Hanson  Hiss,  jr.,  Columbia 
University,  New  York  City.     (Read  by  Dr.  W.  H.  Park.) 

The  Production  of  Antirabic  Immunity  by  Intraspinal  Injec- 
tions of  Virus,  by  Dr.  D.  L.  Harris,  Bacteriologist  to  Hospital 
Department,  St.  Louis,  Mo. 

The  Etiology  of  Trachoma,  by  Dr.  Anna  W.  Williams,  Re- 
search Laboratory,  Department  of  Health,  New  York  City. 
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The  following  members  of  the  congress  took  part  in  the  discussion : 
Dr.  C.  Wellman   (New  Orleans,  La.),  Dr.  Libman   (York  City), 
Dr.  Karl  Landsteiner  (Austria). 

Wednesday,  September  25 — 9.30  a.  m. 

The  fourth  session  was  called  to  order  by  the  president,  Prof. 
Theobald  Smith. 

Papers  were  presented  upon  the  topic  of  paratyphoid  and  para- 
typhoidlike bacilli  with  especial  reference  to  their  dissemination  in 
nature  and  their  relation  to  man  and  animals  as  follows: 

A  Report  of  Work  Done  at  the  Kaiserlichen  Gesundheitsamt, 
by  Regierungsrat  Prof.  Dr.  A.  Weber,  Berlin,  Germany. 

Studies  on  Typhoid  and  Paratyphoid  Organisms  at  the  Lister 
Institute.  Dr.  J.  Henderson  Smith,  Lister  Institute,  London, 
England. 

Paratyphoid  and  Allied  Bacilli,  including  the  Bacteriology  of 
Animal  Foods,  by  M.  le  Dr.  Sacquepee,  Prf.  au  Val-de  Grace, 
Paris,  France. 

Representatives  of  the  Gartner  Group  Isolated  from  the 
Tissues  of  Laboratory  Animals,  by  Dr.  John  C.  Torrey,  Cornell 
University  Medical  College,  New  York  City. 

A  Bacteriological  Examination  of  Market  Milk,  by  Dr.  P.  G. 
Heineman,  University  of  Chicago,  was  read  by  title,  its  author 
being  absent. 
The  following  members  of  the  congress  joined  in  the  discussion : 
Dr.  Wm.  H.  Park   (New  York  City),  Dr.  W.  Fornet  (Berlin), 
Dr.  E.  Libman  (New  York  City),  Prof.  C.  E.  A.  Winslow  (New 
York  City),  Dr.  William  H.  Welch  (Baltimore,  Md.). 

The  recommendation  for  an  international  commission  to  prepare  a 
standard  of  procedure  for  determining  B.  Coli,  as  suggested  by  Dr. 
Weber,  was  then  considered  by  the  section. 

Prof.  William  H.  Welch  moved  that  a  committee  be  established, 
with  Dr.  Weber  as  chairman,  and  that  members  be  added  as  the 
commission  desired.  This  motion,  while  not  acted  upon  at  this 
time,  was  assented  to  by  the  leading  members  of  the  section,  and  was 
forwarded  to  the  Permanent  International  Commission. 
The  following  additional  papers  were  then  read: 

La  Tuberculosis  Experimental  en  las  Grandes  Alturas,  by  Dr. 
Nestor  Morales. 

Milzbrand  und  Salvarsan,  Dr.  Geo.  Becker,  Plauen,  Germany. 

Thursday,  September  26 — 9.15  a.  m. 

The  section  joined  with  Section  V  in  a  symposium  on  poliomyelitis, 
etiology,  and  mode  of  transmission. 

Dr.  Hermann  M.  Biggs,  president  of  Section  V,  presided. 
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The  following  papers  were  presented: 

Epidemic  Poliomyelitis  in  Norway,  by  Prof.  Dr.  Francis 
Harbitz,  Koneglige  Frederiks  Universitet,  Christiania,  Norway. 
Sanitary  Measures  against  Poliomyelitis,  by  Privat-Docent  Dr. 
Karl  Landsteiner,  k.  k.  Universitat,  Vienna,  Austria,  and  Dr. 
Simon  Flexner,  Rockefeller  Institute  for  Medical  Research,  New 
York  City. 
N  The  Etiology  of  Poliomyelitis  and  Prophylactic  Measures,  by 

M.  Neustaedter,  M.  D.,  Ph.  D.,  instructor  in  neurology,  iS'ew 
York  University  and  Belle vue  Hospital  Medical  College,  New 
York  City. 

Ueber  die  Verbreitungsweise  der  epidemischen  Kinderlahmung 
und  die  Verhiitung  ihrer  Verbreitung,  by  Prof.  Alfred  Petters- 
son,  Stockholm,  Sweden. 

Die  histologischen  Veranderungen  im  Riickenmarke  des  Affen 
bei  experimenteller  Poliomyelitis,  by  Prof.  Alfred  Pettersson, 
Stockholm,  Sweden. 

Einige  epidemiologische  Beobachtungen  bei  der  Kinder- 
lahmungsepidemie  in  Schweden,  1911-1912.  Kurzes  Resume,  by 
Prof.  Alfred  Pettersson,  Stockholm,  Sweden. 

Anterior  Poliomyelitis,  as  observed  in  Massachusetts,  1907- 
1911,  by  Dr.  Mark  W.  Richardson,  Secretary  State  Board  of 
Health,  Boston,  Mass. 

A  Preliminary  Announcement  of  Observations  on  the  Role  of 
Stomoxys  Calcitrans  in  the  Spread  of  Anterior  Poliomyelitis, 
by  Prof.  M.  J.  Rosenau,  Harvard  University,  Boston,  Mass. 
The  following  members  of  the  congress  joined  in  the  discussion: 
Prof.  Geo.  Nuttall   (Cambridge,  England),  Prof.  Dr.  Friedrich 
Loeffler  (Germany),  Dr.  Karl  Landsteiner  (Vienna,  Austria),  Prof. 
A.  Pettersson  (Stockholm,  Sweden),  Prof.  W.  S.  Thayer  (Baltimore, 
Md.),  Dr.  Francis  E.  Fronczak  (Buffalo,  N.  Y.),  Dr.  M.  J.  Rosenau 
(Boston,  Mass.),  Dr.  Frankl-Hochwart  (Vienna,  Austria). 

Thursday,  September  26 — 2.15  p.  m. 

The  fifth  session  was  called  to  order  by  Prof.  Charles  W.  Stiles. 
The  following  papers  were  read : 

The  Relation  of  Parasitic  Amaebae  to  Disease,  by  Capt. 
Charles  F.  Craig,  United  States  Army,  Washington,  D.  C. 

The  Identification  of  the  Pathogenic  Entameba  of  Panama, 

by  Dr.  Samuel  T.  Darling,  Ancon  Hospital,  Ancon,  Canal  Zone. 

Nomenclature  of  Genera  and  Species  of  Amebae,  by  Howard 

Crawley,  zoological  division,  Department  of  Agriculture,  Wash- 

.  ington,  D.  C. 
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Present  Status  of  Knowledge  of  Structure  of  Nucleus  of  all 
Known  Parasitic  Amebae,  by  Dr.  M.  J.  S.  von  Prowazek,  See- 
mannskrankenhaus  und  Institut  fur  Schiffs-  und  Tropenkrank- 
heiten,  Hamburg,  Germany,  was  read  by  title,  its  author  being 
absent. 

Compendium  of  all  Amebae,  Arranged  According  to  their 
Hosts,  Regardless  of  the  Zoological  Status  of  the  Species  of 
Amebae,  by  Albert  Hassall,  assistant  zoologist,  United  States 
Department  of  Agriculture,  Washington,  D.  C. 

Bibliography  of  Parasitic  Amebae,  by  Albert  Hassall,  assist- 
ant zoologist,  United  States  Department  of  Agriculture,  Wash- 
ington, D.  C. 

Present  Status  of  Zoological  Classification  of  the  Parasitic 
Amebae  (Genera  and  Species) ;  also  Present  Status  of  Technique 
in  Studying  Amebae   (Free  and  Parasitic),  by  Prof.  Gary  N. 
Calkins,  New  York  City,  were  read  by  title,  their  author  being 
absent. 
The  following  members  of  the  congress  joined  in  the  discussion: 
Dr.  C.  Wellman  (New  Orleans,  La.),  Dr.  Charles  F.  Craig  (Wash- 
ington, D.  C),  Dr.  Samuel  T.  Darling  (Ancon,  Canal  Zone). 

Friday,  September  27 — 9.30  a.  m. 

The  sixth  session  was  called  to  order  by  Prof.  Theobald  Smith. 
Papers    were   presented   in    the    symposium   on    anaphylaxis,    as 
follows : 

The  Relation  of  Anaphylaxis  to  the  Infectious  Diseases,  by 
Dr.  Victor  C.  Vaughan,  University  of  Michigan,  Ann  Arbor. 

Studies  on  the  Locus  of  Antibody  Formation  in  the  Animal 
Body,  by  Dr.  Frederick  P.  Gay,  University  of  California, 
Berkeley. 

Pneumococcus  and  Anaphylaxis,  by  Dr.  Edward  C.  Rosenow, 
Memorial  Institute  for  Infectious  Diseases,  Chicago,  111. 

Transfer  of  Immunity  through  Colostrum,  by  Dr.  L.  W. 
Famulener,  Research  Laboratory,  Department  of  Health,  New 
York  City. 

Anaphylactic  Reaction  in  Pellagra  Patients  by  the  Inoculation 
of  Watery  Extract  of  Spoiled  Maize,  by  Mr.  Guido  Volpino. 

Zur  Frage  der  Paratyphus-Erkrankungen,  von  Dr.  S.  von 
Unterberger,  St.  Petersburg. 

Phenomena  of  Anaphylaxis  in  Pellagra  Patients  Inoculated 

with  a  Watery  Extract  of  Spoiled  Maize,  by  Prof.  L.  Pagliani, 

Turin,  Italy. 

The  following  members  of  the  congress  joined  in  the  discussion: 

Dr.  Wm.  H.  Park   (New   York  City),  Prof.  Frederick  P.  Gay 

(Berkeley,  Cal.),  Dr.  A.  D.  Hirschfelder  (Baltimore,  Md.). 
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The  president,  Prof.  Theobald  Smith,  declared  the  section  ad- 
journed, since  the  further  proceedings  of  the  section  would  be  merged 
with  those  of  Section  VIII. 

Friday,  September  27 — 2  p.  m. 

A  joint  session  of  Sections  I  and  VIII.  The  session  was  called  to 
order  by  Dr.  Henry  G.  Beyer,  the  president  of  Section  VIII. 

The  following  papers  were  presented  on  the  general  subject  of 
hookworm  and  hookworm  diseases: 

Biologie  de  l'Ankylostoma  Duodenale  Dubini,  par  les  Drs.  M. 
Breton  et  L.  Bruyant  (Institut  Pasteur  de  Lille). 

Number  of  Treatments  and  Number  of  Full  Doses  of  Thymol 
Administered  in  61  Hospital  and  22  Home-cured  Cases  of  Hook- 
worm Infections,  by  Dr.  Charles  Wardell  Stiles,  professor  of 
zoology,  and  George  F.  Leonard,  first  assistant,  Hygienic 
Laboratory,  United  States  Public  Health  Service. 

Proportion  of  Males  to  Females  in  the  American  Hookworm 
(Necator  americanus),  Based  on  13,080  Hookworms  from  102 
Cases,  by  Dr.  Charles  Wardell  Stiles,  professor  of  zoology,  and 
W.  L.  Altman,  assistant,  Hygienic  Laboratory,  United  States 
Public  Health  Service. 

Der  Infektionsweg  bei  Strongyloides  und  Ankylostomum, 
von  Prof.  Dr.  F.  Fulleborn,  Hamburg. 

Das  Oleum  chenopodii  anthelmintici  gegen  Ankylostomiasis 
im  Vergleich  zu  anderen  Wurmmitteln,  von  Dr.  W.  Schuffner 
und  Dr.  H.  Vervoort,  Leipzig-Borsdorf. 

Uncinariasi  od  Anchilostomiasi,  by  Prof.  E.  Perroncito,  Turin. 
Control  and  Eradication  of  Hookwork  Disease,  by  Maj.  Baily 
K.  Ashford,  United  States  Army. 

Distribution  of  the  Hookworm  Disease,  by  Dr.  W.  S.  Eankin, 
Ealeigh,  and  Dr.  Hiram  Byrd,  Jacksonville. 

Methods  for  the  Eradication  of  Hookworm  Disease,  by  Dr. 
John  A.  Ferrell,  Ealeigh. 

A  Study  of  the  Hemoglobin  in  its  Eelation  to  the  Number  of 
Hookworms  Present,  by  C.  W.  Stiles  and  George  A.  Wheeler. 
The  following  members  of  the  congress  joined  in  the  discussion: 
Dr.  W.  H.  Schultz   (Washington,  D.  C),  Dr.  Claude  A.  Smith 
(Atlanta,  Ga.),  Dr.  Charles  W.  Stiles  (Washington,  D.  C),  Dr.  S.  T,* 
Darling  (Ancon,  Canal  Zone). 

Eeports  of  discussions  as  given  to  the  secretary  will  be  found  in 
the  transactions  of  this  section. 
Eespectfully, 

Dr.  D.  L.  Harris,  St.  Louis,  Mo. 
Dr.  F.  M.  Meader,  Syracuse,  N.  Y. 
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SOME   EXPERIMENTS   UPON    THE   NATURE   OF    THE   VIRUS    OF 

RABIES. 

By  Dr.  Daniel  Warren  Poor  and  Dr.  Edna  Steinhardt,  Department  of  Health, 

New  York  City. 

Most  of  the  experimental  work  on  rabies  has  been  with  the  virus 
as  it  occurs  in  the  brain  and  spinal  cord.  In  this  situation  it  is 
closely  associated  with  the  elements  of  the  nerve  tissue.  Compara- 
tively little  has  been  done  with  the  virus  as  it  occurs  in  the  salivary 
glands,  where  it  is  presumably  in  a  more  or  less  free  state.  In  our 
work,  which  has  been  confined  to  the  gland  virus  almost  exclusively, 
we  had  two  objects  in  view.  First,  that  of  determining,  in  a  measure, 
to  what  extent  the  association  of  the  nerve  tissue  affected  the  various 
physical  tests  for  determining  the  nature  of  the  virus,  and,  second, 
that  of  comparing  the  physical  properties  of  the  virus  in  the  two  situ- 
ations; this  with  the  idea  of  noting  any  differences  which  might  be 
found  suggestive  of  the  parts  of  a  cycle. 

Two  methods  have  been  used  for  obtaining  the  virus,  the  sub- 
maxillary glands  from  the  carcasses  of  dogs  brought  to  the  laboratory 
with  clinical  rabies  being  used  in  both  instances.  In  the  first  method, 
after  removal  of  the  fibrous  sheath,  the  glands  were  immersed  in 
sterile  neutral  glycerin  and  allowed  to  stand  in  the  ice-box  for  from 
6  to  12  days.  Although  virus  may  be  extracted  from  the  intact 
glands,  it  was  found  that  more  was  removed  when  the  glands  were  cut 
in  pieces  with  a  sharp  razor  or  scissors.  The  clear  supernatant 
glycerin,  slightly  colored  by  hemoglobin,  is  then  pipetted  off.  This 
is  usually  found  to  be  sterile.  The  glycerin  containing  the  virus  i« 
next  placed  in  collodion  sacs  and  the  glycerin  removed  by  dialysis 
in  running  physiological  salt  solution.  One  and  a  half  hours  are 
usually  sufficient  for  the  removal  of  the  glycerin  from  4  or  5  c.  c. 
of  the  glycerin  virus.  In  this  way  it  is  possible  to  obtain  a  sterile 
suspension  of  the  virus  in  physiological  salt  solution.  Microscopical 
examination  of  this  fluid  shows  it  to  be  an  exceedingly  clear  liquid 
with  practically  nothing  demonstrable  in  the  way  of  formed  cellular 
elements.  Virus  obtained  in  this  manner  will  subsequently  be  re- 
ferred to  a  glycerin-extract  virus. 

In  the  other  method  the  glands,  after  being  cut,  are  placed  in  dis- 
tilled water  and  subjected  to  a  vacuum  of  29  inches  of  Hg  for  an 
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hour.  The  pieces  of  the  glands  were  then  placed  in  an  ordinary 
meat  press  and  the  remaining  fluid  pressed  out.  This  is  centrifuged 
and  the  supernatant  fluid  added  to  the  water  in  which  the  glands  were 
aspirated.  It  may  be  noted  that  the  aspiration  fluid  alone  was 
found  to  contain  the  virus,  but  more  was  present  on  the  addition  of 
the  pressed-out  juice.  By  this  method  a  suspension  of  the  virus  is 
obtained  in  distilled  water  which  is  stronger  than  the  glycerin  virus, 
but  which  is  not  sterile  and  which  contains  fragments  of  gland  cells, 
blood  cells,  etc.  Subsequent  experiments  showed  that  bacteria  and 
formed  tissue  elements  could  be  removed  by  passing  it  through  a 
Berkefeld  filter.     This  virus  will  be  referred  to  as  aspiration  virus. 

That  the  virus  in  the  central  nervous  system  is  in  a  less  extractible 
or  less  free  condition  than  in  the  glands  would  appear  from  the 
following  observation : 

Glycerin  extracts  of  the  glands  of  32  dogs  whose  brains  were  posi- 
tive to  the  Negri  test  were  virulent  in  71  per  cent  of  the  cases. 

Eleven  fixed  virus  brains,  similarly  tested,  gave  virulent  extracts  in 
only  36  per  cent  of  the  cases,  and  four  street  virus  brains  were  all 
nonvirulent.  When  one  considers  that  the  brain  is  the  culture  me- 
dium for  the  rabies  organism,  which  is  present  in  much  greater  num- 
bers in  this. situation  than  in  the  glands,  one  would  expect  a  greater 
number  of  virulent  brain  extracts  unless,  as  is  undoubtedly  the  case, 
the  virus  is  intimately  associated  with  the  nerve  cells.  Indeed,  the 
virulent  extracts  from  the  brain  virus  might  be  accounted  for  by 
minute  particles  of  the  brain  substance  being  torn  off  by  the  action 
of  the  glycerin  (the  brain  being  a  more  delicate  tissue  than  the 
gland),  or  by  the  extraction  of  the  virus  from  the  blood  and  lym- 
phatic vessels  and  spaces. 

That  the  action  of  the  glycerin  on  the  glands  is  mainly  that  of  a 
sucking  out  of  the  virus  from  the  tubules  is  seen  from  the  following 
experiment:  The  glands  from  two  rabid  dogs,  which  had  given  a 
nonvirulent  glycerin  extract,  were  removed  from  glycerin  and  ground 
up  in  a  mortar  with  salt  solution,  a  difficult  operation  owing  to  the 
tough  and  slippery  constitution  of  the  gland.  This  emulsion  proved 
to  be  quite  virulent.  On  the  other  hand,  in  some  glands  much  virus 
was  present  in  the  ducts,  as  it  was  possible  by  a  second  extraction 
with  fresh  glycerin  to  remove  virus  which  produced  rabies  with  a 
short  incubation. 

FILTRATION. 

In  1903  Remlinger1  first  showed  that  fixed  virus  was  filterable. 
He  emulsified  the  entire  brain  of  a  fixed  virus  rabbit  in  400  c.  c.  of 
water  and  filtered  the  emulsion  through  a  Berkefeld  V  under  pres- 
sure. Ten  rabbits  were  inoculated  with  from  \  to  1  c.  c.  each  of  the 
filtrate.     Three  of  these  rabbits,  or  30  per  cent,  developed  rabies. 


Poor  and     1 
Stein  liardt.  J 
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The  following  year,  Marie,  using  three  different  Berkefeld  candles, 
was  unable  to  pass  the  virus  through  in  any  instance.  In  the  same 
year  (1904),  however,  Bertarelli  and  Volpino2  successfully  filtered 
fixed  virus  through  a  Berkefeld  V  five  times  out  of  seven  trials. 
They  failed,  however,  to  pass  it  through  a  Chamberland  F.  Celli 
and  Du  Blasi  *  had  similar  results.  In  1904,  also,  De  Vestea  4  made 
extensive  experiments  on  filtration.  He  used  fixed  virus,  and  pre- 
pared the  emulsions  with  great  care,  emulsifying  the  brains  with 
the  aid  of  quartz  sand.  He  filtered  with  from  two  to  three  atmos- 
pheres pressure,  and  inoculated  his  animals  with  lai*ge  amounts  of 
the  filtrate,  i.  e.,  |  to  1  c.  c.  each.     His  results  were  as  follows : 


Experi- 
ments. 

Virulent 
filtrates. 

Per  cent. 

Berkefeld  V 

19 
1 

8 
1 

1 

14 
1 
2 
0 
1 

/ 

Berkefeld  N._ 

i             7u 

Chamberland  F 

25 

Chamberland  B  (filtrate  from  Chamberland  F) 

Maason  filter  (filtrate  from  Berkefeld) 

The  literature  contains  very  little  regarding  the  filtration  of  gland 
virus.  In  one  instance,  a  virulent  filtrate  was  obtained  by  Berta- 
relli and  Volpino,  who  passed  it  through  three  layers  of  paper.  It 
is  also  recorded  that  the  virus  in  human  saliva  was  passed  in  one 
instance  through  a  Berkefeld  candle. 

Our  experiments  were  made  with  Berkefeld  V  and  N,  Chamber- 
land  F  and  B,  and  with  a  collodion  filter.  The  aspiration  virus 
from  the  glands  of  from  two  to  four  dogs  were  used  in  each  experi- 
ment.    The  results  were  as  follows: 


Experi- 
ments. 

Virulent 
filtrates. 

Percent. 

Berkefeld  V _ _.. 

4 

i 

4 

2 
2 

4 
1 
3 
0 
0 

)           ,™ 

Berkefeld  N 

100 

Chamberland  F 

75 

Chamberland  N 

0 

Collodion 

0 

In  the  collodion  and  the  first  Chamberland  B  experiment  the  virus 
used  unfortunately  proved  to  be  qifite  weak.  In  the  second  Chamber- 
land  B  experiment,  however,  a  strong  virus  was  obtained  and  the 
animals  inoculated  with  the  filtrate  failed  to  show  symptoms  of 
rabies  after  a  lapse  of  6  weeks. 

In  order  to  get  some  idea  of  the  amount  of  virus  held  up  by  the 
filter  a  series  of  dilutions  of  the  fluid  to  be  filtered  wTas  made  as 
follows :  Dilutions  of  1  to  4,  1  to  8,  1  to  10,  1  to  20,  and  1  to  30.  It 
was  found  that  the  average  incubation  of  the  guinea  pigs  inoculated 
was  increased  in  a  surprisingly  regular  manner  according  to  the 
degree  of  the  dilution  of  the  virus.     For  example,  the  dilution  of 
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1  to  4  gave  an  incubation  of  9 J  days,  as  against  8|  days  for  the  un- 
diluted virus,  an  increase  of  §  day  only.  A  dilution  of  1  to  30  gave 
an  incubation  of  10^  days,  as  compared  with  8  days  for  the  original 
virus,  an  increase  of  2J  days.  The  average  duration  of  incubation, 
then,  may  be  taken  as  a  rough  index  of  the  dilution  of  virus.  All 
of  the  guinea  pigs  inoculated  with  the  Berkefeld  filtrates  developed 
rabies.  That  more  of  the  virus  passes  through  after  saturation  of 
the  filter  is  seen  from  the  following  experiment:  A  small  Berkefeld 
V  candle  was  used.  The  first  5  c.  c.  which  passed  constituted  the  first 
filtrate,  the  next  12  c.  c,  the  second  filtrate.  The  four  guinea  pigs 
inoculated  with  the  first  filtrate  developed  rabies  with  an  average 
incubation  period  of  21  days.  Those  inoculated  with  the  second 
nitrate  developed  in  12J  days.  Those  with  the  unfiltered  material, 
diluted  eight  times,  developed  in  9^  days  and,  with  undiluted  con- 
trol, in  eight  days.  Comparing  the  incubation  of  the  pigs  injected 
with  the  second  nitrate,  12^  days,  with  that  of  the  pigs  injected  with 
the  control  diluted  1  to  8,  9J  days,  it  is  fair  to  assume  that  in  this 
case  the  virus  was  diluted  by  filtration  more  than  eight  times.  Again 
in  the  finer  Berkefeld,  grade  N,  the  average  incubation  of  the  pigs 
injected  with  the  second  filtrate  was  15 J  days,  and  that  produced  by 
the  virus  diluted  1  to  20,  was  only  11J  days.  In  a  further  attempt 
to  determine  the  dilution  caused  by  filtration,  a  Berkefeld  V  candle 
was  shaved  to  about  one-half  its  thickness.  In  this  case,  a  weak 
virus,  diluted  1  to  20,  gave  an  incubation  of  IT  days;  while  the  fil- 
trate from  the  shaved  filter  gave  16  days,  practically  the  same,  so 
that  it  may  be  assumed  that  the  shaved  filter  diluted  the  virus  about 
20  times.  The  filtrates  from  the  Chamberland  filters  gave  corre- 
spondingly increased  incubation.  Thus,  in  one  test,  two  out  of  four 
pigs  ^inoculated  developed  rabies  with  an  average  incubation  of  33 
days,  as  against  8 J  days  for  the  control.  In  a  second  test,  two  out 
of  five  pigs  developed,  with  an  average  incubation  of  47  days,  as 
against  11  days  for  the  control.  The  filters  were  tested  with  a  sus- 
pension of  pyocyaneus  bacilli,  which  was  mixed  with  the  virus  to  be 
filtered.  In  no  case  did  the  bacilli  pass  through.  Comparing  now 
our  results  with  the  filtration  of  gland  virus  with  those  obtained  by 
others  in  the  filtration  of  the  fixed  brain  virus  one  may  infer  that 
the  greater  regularity  with  which  the  gland  virus  passes  (that  is 
100  per  cent  in  the  Berkefeld  as  against  75  per  cent,  and  75  per  cent 
in  the  Chamberland  F  as  against  25  per  cent  obtained  by  De  Vestea) 
is  due  to  the  freer  condition  of  the  virus  as  appearing  in  the  glands. 
That  the  organism  is  not  necessarily  smaller  in  this  location  is  seen 
from  the  fact  that  the  fixed  virus  did  pass  the  Chamberland  filter 
and.  even  in  one  instance,  according  to  De  Vestea,  the  Maasen  filter. 
When  one  considers  further  the  greater  number  of  organisms  in  fixed 
virus,  the  greater  c:\re  used  by  De  Vestea  in  preparing  his  emulsions, 
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i.  e.,  the  grinding  up  with  quartz  sand  and  the  larger  amount  in- 
oculated in  his  animals,  J  to  1  c.  c.,  as  against  \  to  J  c.  c.,  in  our 
animals,  the  above  conclusion  seems  all  the  more  apparent.  Whether 
this  would  indicate  that  the  central  point  of  the  Negri  body  may  be 
the  true  rabic  parasite — the  outer  portion  being  a  degeneration 
product  of  the  nerve  cell — we  are  at  present  unprepared  to  say.  The 
following  points  are  to  be  considered  in  this  connection:  First,  the 
structure  known  as  the  complete  Negri  body  could  not  pass  the 
filter.  Second,  some  of  the  minute  inner  cell  structures  might  pass 
through.  Third,  these  small  central  structures  might  easily  exist 
free  in  the  glands  and  escape  identification.  In  this  connection,  it  is 
interesting  to  note  that,  working  in  conjunction  with  Dr.  Robert 
Lambert,  we  have  been  able  to  produce  inclusions  closely  resembling 
the  outer  portion  of  Negri  bodies,  by  allowing  normal  nerve  cells  to 
slowly  degenerate  in  plasma  at  37°  C,  according  to  Harrison's 
technique  for  the  growing  of  tissues. 

ATTEMPTS    AT    GROWING    THE    VIRUS. 

In  the  first  method  tried,  the  spinal  cord  of  a  fixed  virus  rabbit 
four  days  after  subdural  inoculation  was  used.  At  this  time  the  virus 
has  reached  the  cervical  end,  but  has  not  extended  to  the  lumbar 
extremity.  The  cord  was  quickly  removed  from  the  canal  by  the 
Oshida  method,  and  blocked  into  previous  sterilized  paraffin  of  46°  C. 
melting  point.  The  whole  block  was  then  immediately  solidified  in 
ice  water.  In  this  way  a  more  nearly  anaerobic  condition  was  ob- 
tained, a  condition  considered  by  Marie  to  be  desirable.  At  the  end 
of  10  days,  not  only  had  the  virus  not  extended  to  the  lower  end,  but 
had  died  out  in  the  cervical  end. 

Attempts  were  then  made  to  grow  the  virus,  or  at  least  to  get  a 
line  on  its  viability  by  making  use  of  the  technique  of  Harrison's 
method  of  tisue  growing.  It  was  found  that  apparently  the  brain 
cells  retained  their  vitality  at  incubator  temperature  for  several 
days;  in  one  distance  as  long  as  21  days.  This  was  inferred  from 
the  perfect  staining  of  the  Nissl  bodies.  However,  in  spite  of  the 
ganglion  cells  remaining  alive,  small  portions  of  the  fixed  virus 
brains  embedded  in  plasma,  agar,  and  in  simple  saline  solution,  lost 
their  virulence  after  seven  days  at  37°  C. 

On  the  other  hand,  in  the  only  instance  in  which  street  virus  brain 
was  tried,  it  was  found  that  the  virulence  was  retained  after  eight 
days  at  37°  C. 

Portions  of  normal  guinea  pig  brain  inoculated  with  weak  emul- 
sion of  fixed  virus  showed  no  virulence  after  six  days.  Normal  brain 
was  also  in  a  similar  manner  inoculated  with  gland  virus,  but  here 
also  there  was  no  evidence  of  virus  at  the  end  of  six  days.  Unfor- 
tunately, in  this  experiment  a  glycerin  extract  virus  was  used  which 
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proved  to  be  very  weak*  From  our  subsequent  work,  as  will  as  from 
clinical  observations,  we  would  conclude  that  the  most  promising 
virus  to  use  for  this  purpose,  would  be  the  strong  aspiration  virus 
freed  from  bacteria  by  passage  through  a  Berkefeld  filter.  This 
would  avoid  the  objection  to  brain  virus  for  the  cultivation  of  the 
rabic  organism,  made  by  Marie,5  on  the  ground  that  at  incubator  tem- 
perature the  brain  tissue  develops  substances  detrimental  to  the 
virus. 

MICROSCOPICAL. 

The  glycerin  extract  dialyzed  in  distilled  water  or  in  salt  solution, 
even  after  concentration  through  a  collodion  sac,  gave  a  product 
which,  while  containing  the  organism,  showed  remarkably  little  in 
a  way  of  formed  elements  of  any  kind.  The  aspiration  virus,  when 
filtered  through  a  Berkefeld  candle,  showed  many  small  granules, 
evidently  from  the  secreting  cells  of  the  glands.  Both  of  these 
viruses  were  examined  with  the  dark  field  (1/12  and  1/16  lenses  and 
Xo.  4  ocular)  and  in  the  preparations  stained  by  Giemsa's  stain. 

Although  very  minute  granules  were  found,  Ave  were  unable  to 
identify  them  as  organisms. 

An  attempt  was  made  to  agglutinate  the  granules  with  an  antirabic 
serum  but  without  definite  result. 

COMPARISON   OF  BRAIN   AND   GLAND   VIRUS. 

These  two  viruses  were  compared,  with  the  idea  of  noting  any 
difference  that  might  exist  suggestive  of  a  different  physical  form  in 
the  two  situations.  The  tests  were  made  with  reference  to  the  effect 
of  (1)  Eapid  drying;  (2)  Drying  and  heat ;  (3)  Heat;  (4)  The  effect 
of  certain  chemicals ;  (5)  Viability;  (6)  Dialysis. 

(1)  Rapid  drying. — It  has  been  known  for  some  time  that  brain 
virus  could  be  dried  rapidly  and  retain  its  virulence,  but  it  has  been 
quite  generally  supposed  that  the  gland  virus  rapidly  lost  its  virulence 
upon  drying. 

An  emulsion  of  brain  virus  made  with  distilled  water  and  dialyzed 
for  two  hours  was  spread  in  a  thin  layer  and  dried  in  a  vacuum 
of  29  inches  Hg  over  H2S04.  After  16  hours  it  was  completely 
dried.  Inoculated  into  guinea  pigs,  it  produced  rabies  in  five  to 
six  days,  the  same  as  in  the  control  kept  in  the  ice  box.  The  same 
technique,  applied  to  two  aspiration  gland  viruses  in  distilled  water 
from  two  different  dogs,  produced  a  like  result,  the  pigs  inoculated 
from  this  dried  virus  contracting  rabies  in  nine  and  one-half  days 
identically  with  the  controls. 

(2)  I>i>jing  and  heat. — This  emulsion  of  fixed  virus  and  a  sample 
of  glycerin  gland  virus  were  dialyzed  in  distilled  water  for  an  hour. 
Very  thin  layers  oi  eatih  were  evaporated  to  dryness  while  exposed 
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to  37°  C.  for  (5  hours.    In  each  case  the  virus  was  killed  while  the 
controls  were  fully  virulent. 

(3)   Heat. — Thermal  death  point: 


10  minutes. 
i  hour 


10  minutes. 
$  hour 


F.  V.  weakened. 

Gl.  V.  weakened. 

F.   V.  very   much   weakened,   only   one  out  of  three  animals 

developing. 
Gl.  V.  killed. 

60°  0. 

F.  V.  exper.  lost  through  disappearance  of  the  animals. 
Gl.  V.  killed. 
F.  V.  killed. 
Gl.  V.  killed. 

(4)  Effect  of  chemicals. — A  1-1000  solution  of  HgCl2  apparently- 
killed  both  viruses. 

A  1-1000  solution  of  HC1  killed  the  brain  virus  and  markedly 
weakened  the  gland  virus,  only  one  pig  out  of  three  contracting  rabies 
with  a  prolonged  incubation.  Mg02,  in  the  strength  of  \  gm.  to 
4  c.  c.  of  the  virus,  produced  but  little  effect  on  either  virus. 

(5)  Viability. — Gland  virus  aspirated  in  distilled  water  was  kept 
in  an  ice  box  at  45°  F.  for  15  days,  at  the  end  of  which  time  it  had 
become  offensive  through  bacterial  contamination.  It  was  then  fil- 
tered through  a  Berkefeld  V  candle,  a  filtrate  being  obtained  which 
produced  rabies  with  an  incubation  of  14  days.  This  filtrate  was 
then  kept  at  room  temperature  arid  exposed  to  the  light  for  45  hours. 
At  the  end  of  this  time  the  virulence  was  completely  lost.  An  emul- 
sion of  fixed  virus  in  distilled  water,  exposed  to  the  same  conditions 
for  the  same  length  of  time,  was  markedly  weakened,  the  incubation 
of  the  injected  animals  being  increased  to  10  days,  i.  e.,  five  days 
longer  than  the  controls.  Exposure  to  light  and  room  temperature 
for  four  days  destroyed  the  virulence  of  the  brain  emulsion.  This 
experiment  gives  but  a  rough  comparison,  as  there  were  undoubtedly 
many  more  organisms  present  in  the  fixed  virus  emulsion  than  in  the 
gland  virus  filtrate.  In  another  experiment,  the  Berkefeld  filtrate, 
from  an  aspiration  gland  virus  kept  in  the  ice  box  for  nine  days,  had 
lost  its  virulence,  while  the  unfiltered  virus,  kept  in  the  same  manner 
for  the  same  length  of  time  and  then  filtered,  was  shown  to  be  viru- 
lent. This  is  in  accord  with  the  experiments  of  De  Vestea  on  brain 
virus.  He  found  that  the  filtrate  of  fixed  virus  died  out  in  the  ice 
box  within  a  week,  while  the  original  retained  its  strength  for  a 
long  time. 

(6)  Dialysis  through  the  collodion  sac. — Novy  has  shown  that 
dialysis  kills  fixed  rabic  virus  apparently  through  the  extraction  of 
certain  salts  and  that  the  time  required  depends  on  certain  factors, 
such  as  the  thickness  of  the  emulsion,  rate  of  flow  of  the  water,  etc. 
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Our  results  were  similar  to  his,  though  not  identical  with  them, 
probably  owing  largely  to  the  fact  of  our  using  much  stronger 
emulsions. 

We  found,  e.  g.,  that  the  dialysis  of  2  c.  c.  of  either  brain  or  gland 
virus  in  200-300  c.  c.  of  standing  water  had  but  little  effect  after  18 
hours,  but  that  dialysis  of  the  gland  virus  in  running  water  for  18 
hours  killed  it.  Brain  virus,  on  the  other  hand,  while  it  was 
markedly  weakened,  was  not  completely  killed.  Dialysis  for  42  hours 
killed  the  fixed  virus  emulsion  used  by  us.  In  the  dialysis  experi- 
ment, there  were  many  more  tissue  elements,  as  well  as  organisms,  in 
the  brain  virus  emulsion  used,  than  in  the  glycerin  extract  gland 
virus,  which  undoubtedly  accounts  for  the  longer  time  required  for 
killing  the  former  virus. 

An  interesting  reverse  experiment  was  the  following : 

Some  of  the  filtrate  from  a  Berkefeld  V  candle  was  evaporated  in  a 
vacuum  over  H2S04  to  one-fifth  its  bulk,  the  operation  requiring 
four  hours.  The  control,  in  a  narrow  tube  sealed  with  paraffin,  was 
placed  in  the  apparatus  so  that  conditions  of  light  and  temperature 
would  be  the  same.  Three  guinea  pigs  were  inoculated  from  the  con- 
centrated virus,  as  well  as  the  control,  and  also  the  concentrated  virus 
diluted  to  its  original  volume.  The  result  was  that  while  the  pigs 
inoculated  with  the  control  died  with  an  average  incubation  of  19 
days,  those  from  the  concentrated  virus  developed  only  after  a  period 
of  30  days,  while  only  one  pig  from  the  concentrated  virus  subse- 
quently diluted  developed  after  19  days. 

This  suggests  a  harmful  concentration  of  salts  such  as  is  believed 
by  Harris 6  to  cause  the  reduction  of  virulence  in  the  Pasteur  cords. 

CONCLUSION. 

In  conclusion,  we  wish  to  emphasize  the  following  points : 

(1)  The  advantage  of  using  the  gland  secretions  in  the  study  of 
rabies,  for  the  reason  that  they  contain  the  organism  in  a  condition 
freed  from  tissue  cells.  This  is  an  advantage  for  the  microscopical 
study  of  the  virus;  for  the  study  of  its  physical  properties,  and  for  its 
use  in  growing  experiments. 

(2)  The  two  easy  methods  for  obtaining  bacterially  sterile  virus 
from  the  glands. 

(3)  The  regularity  with  which  the  gland  virus  passes  the  filters. 

(4)  The  similarity  in  the  nature  of  rabies  virus  in  the  two  locations 
of  the  brain  and  the  glands. 

1  Remlinger,  Annal.  de  l'lnstitut  Pasteur,  1903. 

"Bertarellj  and  Volpino,  Riv.  d'Ig.,  15,  190L 

3  CelJi  and  du  Blasl,  Annal.  d'Ig.  Speriment,  1904. 

4  De  Vestea,  La  Med.  Ital.,  1904,  No.  13,  and  Annal.  d'Ig.  Speriment,  1905. 

5  Marie,  L' Etude  Experimental  de  la  Rage.     (Doin  et  fils,  Paris,  1909.) 
*  Harris,  Journal  of  Infectious  Diseases,  May,  1912. 
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BTATUBAL    AND    INDUCED    IMMUNITY    TO    TYPHUS    FEVER. 

John  F.  Anderson,  Director  Hygienic  Laboratory,  and  Josei>ii  (Joi.duebgeb, 
Passed  Assistant  Surgeon,  United  States  Public  Health  Service,  Washington, 
D.  C. 

Instances  of  transient  or  even  permanent  natural  immunity  of 
human  beings  to  certain  infections  are  not  unknown.  Most  of  these 
are  clinical  observations.  It  has  been  frequently  noted  that  of  a  num- 
ber of  persons  of  a  family  or  of  a  community  presumably  equally 
exposed  some  escape.  Those  who  have  made  many  vaccinations  for 
the  prevention  of  smallpox,  especially  of  children,  are  familiar  with 
the  fact  that  sometimes  an  individual  may  resist  several  repeated 
inoculations;  this,  while  it  may  frequently  be  attributed  to  a  non- 
potent  virus,  is  in  some  instances  at  least  undoubtedly  due  to  a  more 
or  less  transient  natural  immunity  to  vaccinia. 

An  interesting  instance  of  natural  immunity  to  an  infectious  dis- 
ease in  the  human  subject  is  reported  by  Reed  (1901).  One  of  the 
subjects  experimented  upon  by  Reed  and  Carroll  resisted  a  subcu- 
taneous injection  of  1.5  c.  c.  of  yellow-fever  blood,  and  later  also  the 
bites  of  some  infected  mosquitoes. 

Similar  examples  of  individual  resistance  of  animals  to  experi- 
mental infection  have  been  noted.  In  the  course  of  our  studies  on 
measles  we  found  quite  a  marked  variation  among  monkeys  in  the 
susceptibility  of  different  individuals  to  the  disease.  Marks  has 
well  brought  out  the  variation  in  susceptibility  of  young  rabbits  to 
poliomyelitis;  and  Dorset,  McBride,  and  Niles  report  instances  of 
natural  immunity  in  the  hog  to  hog  cholera.  Metchnikoff  and  Bes- 
redka  (March,  1911)  report  that  in  one  of  16  experiments  they 
failed  to  infect  the  chimpanzee  with  typhoid,  and  McCoy  and  Chapin 
(January,  1911)  report  that  a  considerable  percentage  of  San  Fran- 
cisco rats  were  found  by  them  to  be  immune  to  plague  at  a  time 
when  immunity,  due  to  a  previous  attack,  could  reasonably  be  ex- 
cluded. Coming  to  typhus,  we  find  that  Nicolle  was  unsuccessful  in  his 
initial  attempts  to  infect  monkeys  directly  from  the  human  subject, 
and  from  his  experience  concluded  that  to  obtain  success  the  virus 
had  to  be  prefaced  by  passage  through  a  higher  ape,  the  chimpanzee. 

Our  own  work  and  that  of  Ricketts  and  Wilder,  of  Gavino  and 
Girard,  and  others,  and  more  recently  that  of  Nicolle  himself,  has 
shown  that  such  prefatory  treatment  of  the  virus  is  unnecessary. 
The  apparently  ready  susceptibility  of  the  monkey  encountered  by 
us  in  our  early  work  suggested  to  us  that  Nicolle's  initial  lack  of 
success  was  due  to  the  small  amount  of  blood  used,  to  the  subcutaneous 
route  employed  by  him  in  those  inoculations,  or  to  both  combined. 
66692— vol  2,  pt  1—13 2 
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Apart  from  these  factors  there  appeared  to  us  no  reason  to  sus- 
pect natural  resistance  as  playing  a  part  in  explaining  Nicolle's 
negative  results. 

Gaviiio  and  Girard  appear  to  have  been  the  first  to  suggest  that 
some  monkeys  may  be  naturally  immune  to  typhus.  They  reported 
that  a  monkejr  of  the  species  Ateles  vellerosus  that  had  previously 
received  an  injection  of  heated  typhus  blood  failed  to  present  any 
reaction  following  an  immunity  test  of  3  c.  c.  of  blood  virulent  for 
the  control.  They  suggest  that  instead  of  the  animal  having  been 
vaccinated  by  the  first  noninfecting  injection  it  may  have  been  nat- 
urally immune  to  typhus. 

Dreyer  (1911)  reports  that  in  the  course  of  his  work  he  found  one 
monkey  (Cercopithecus?)  entirely  refractory.  This  animal  showed 
no  trace  of  illness,  although  two  others  treated  with  the  same  ma- 
terial at  the  same  time  and  in  substantially  the  same  dose  promptly 
developed  the  usual  (typhus)  symptoms.  He  believed  himself  quali- 
fied in  interpreting  this  as  a  case  of  natural  immunity.  He  does  not 
state  whether  he  tested  the  susceptibility  of  this  animal  a  second  time. 

Wilder  reports  that  a  monkey  that  had  received  an  injection  of 
filtered  typhus-blood  serum  failed  to  react  when  given  an  immunity 
test  of  4  c.  c.  of  typhus  virulent  blood  and  suggests,  among  other 
possibilities,  that  the  animal  may  have  been  naturally  immune. 

Nicolle  and  his  coworkers,  in  their  interpretations,  do  not  appear 
to  have  considered  the  possibility  of  a  natural  immunity  in  the 
monkey ;  we  believe,  however,  that  a  critical  study  of  their  reported 
protocols  shows  that  they  had  encountered  the  same  phenomenon. 
We  believe,  however,  that  a  critical  study  of  their  reported  protocols 
shows  that  they  had  encountered  the  same  phenomenon. 

In  the  course  of  our  recent  work  with  the  New  York  and  the 
Mexican  virus  we  obtained  results  that  brought  the  possibility  of  the 
occurrence  of  a  natural  resistance  to  typhus  forcibly  to  our  attention. 

We  have  summarized  all  our  monkey  inoculations  in  which  the 
first  or  primary  inoculation  was  with  monkey  typhus  blood.  The 
virulence  of  the  blood  used  and  the  dose,  as  well  as  the  route  of 
inoculation  employed,  unless  otherwise  stated,  was  always  proven. 
It  was  found  that  46  monkeys  were  given  a  primary  inoculation  of 
virulent  defibrinated  blood  and  to  this  8,  or  17.4  per  cent,  failed  to 
react.  These  8  were  given  a  second  inoculation,  to  which  4,  or  8.7 
per  cent,  of  the  original  40  failed  to  respond.  It  is  proper  to  state, 
however,  that  one  of  these  4  may  perhaps  be  considered  to  have  pre- 
sented a  slight  suggestion  of  an  "  abortive  "  reaction— so  slight,  how- 
ever, that  it  escaped  our  attention  at  the  time  of  its  occurrence.     If 
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we  count  this  as  a  positive  reaction,  we  have  only  3  of  the  8  that 
failed  to  respond  to  a  second  inoculation ;  or,  in  other  words,  at  least 
6.5  per  cent  of  the  monkeys  failed  to  respond  to  two  separate  inocu- 
lations with  virulent  blood. 

Of  the  three  clearly  resistant  to  the  second  inoculation,  the  im- 
munity of  only  two  was  further  tested;  of  these,  one — rhesus  No. 
197 — although  given  less  than  half  its  previous  dose  now  developed 
a  mild  though  well-defined  febrile  reaction ;  the  other,  rhesus  No. 
189,  presented  no  indication  of  a  reaction.  After  this,  rhesus  No. 
189  was  subjected  to  five  more  tests.  In  all,  between  January  2  and 
June  29  this  animal  received  8  inoculations  with  virulent  blood, 
ranging  in  amount  from  3  to  14  c.  c.,  to  which  no  recognizable  evi- 
dence of  a  reaction  was  noted  at  any  time  during  the  period  of 
observation. 

Of  46  animals,  therefore,  one  (2.2  per  cent)  failed  to  respond  to 
any  of  the  8  inoculations  to  which  it  was  subjected. 

We  have  summarized  our  inoculations  in  which  the  initial  one  was 
either  unfiltered  or  filtered  serum. 

Five  monkeys  received  a  first  inoculation  of  virulent  unfiltered 
serum  ;  three  of  the  five  animals  failed  to  respond  to  this  inoculation. 
Of  these  three,  two  responded  promptly  to  the  first  immunity  test 
(second  virulent  inoculation),  while  one,  rhesus  No.  221,  has  so  far 
resisted  five  successive  immunity  tests  (6  virulent  inoculations). 

Seven  monkeys  received  a  primary  inoculation  of  filtered  serum; 
none  of  the  seven  responded  to  this  initial  inoculation.  When  sub- 
jected to  an  immunity  test,  however,  all  but  two  (Nos.  115a  and  194) 
responded;  in  other  words,  two  of  the  seven  failed  to  react  to  the 
first  injection  of  virulent  material.  One  of  these  two  (No.  194)  re- 
sponded to  the  second  immunity  test  and  the  other  (No.  115a)  to  the 
third. 

If  now  we  combine  the  results  summarized  in  the  foregoing,  we 
find  that  of  58  animals,  13,  or  22.5  per  cent,  failed  to  react  (i.  e.,  did 
not  become  infected)  after  one  injection  of  virulent  blood  or  blood 
serum;  5,  or  8.6  per  cent,  failed  to  react  after  two  injections;  and 
2,  or  3.5  per  cent,  after  three  injections. 

It  is  evident  that  a  very  large  proportion  (22.5  per  cent)  of 
monkeys  possess  at  least  a  transient  immunity,  and  it  seems  reason- 
able to  consider  that  in  about  3.5  per  cent  of  animals  the  resistance 
noted  amounts  to  a  permanent  immunity. 

It  may,  perhaps,  be  objected  that  this  is  only  an  apparent  im- 
munity, that  the  resistance  is  simply  due  to  a  virus  of  low  or  vary- 
ing virulence,  to  the  smallness  of  the  dose  employed,  the  site  of  inocu- 
lation, or  to  the  size  or  age  of  the  animal. 
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It  is  readily  conceivable  that  different  strains  of  virus  may  differ 
markedly  in  virulence.  Analogies  readily  suggest  themselves,  and 
the  results  of  our  inoculations  with  virus  from  human  sources  ap- 
pear to  furnish  some  experimental  support  for  such  a  view.  A 
summary  of  our  inoculations  with  blood  from  human  cases  of  typhus 
shows  that  only  a  small  proportion,  whether  New  York  or  Mexican 
cases,  were  successful. 

While,  as  we  say,  it  is  not  improbable  that  in  these  cases  viruses 
of  differing  virulence  may  have  entered  as  an  element,  we  do  not 
believe  that  this  factor  enters  into  the  results  of  the  series  of  inocu- 
lations above  considered ;  for  the  inoculations  in  question  were  made 
with  a  single  strain  which  we  have  successfully  propagated  through 
some  23  monkey  generations,  throughout  which  the  virus,  so  far  as  we 
are  able  to  discern,  has  maintained  its  original  degree  of  virulence. 
The  suggestion  that  age  may  enter  as  a  factor  in  susceptibility  has 
been  advanced  because  it  is  held  by  some  that  children  are  less 
susceptible  than  adults.  As  a  matter  of  fact,  there  is  no  good  evi- 
dence to  show  that  children  are  less  susceptible  to  typhus  than  adults. 
It  is  probably  true  that  the  manifestations  of  typhus  in  a  child  are 
not  in  all  respects  like  those  in  the  adult ;  that  is,  they  are  not  typical, 
but  this  manifestly  can  not  be  regarded  as  indicating  a  difference 
in  the  degree  of  susceptibility.  That  this  and  the  other  objections 
cited  are  not  valid  may  be  clearly  inferred  from  the  fact,  first,  that 
of  two  monkeys  of  substantially  the  same  size  and  vigor,  both  inocu- 
lated at  the  same  time  by  the  same  route  but  with  different  quantities 
of  the  same  virus,  the  animal  receiving  the  larger  dose  (by  50  per 
cent)  has  failed  to  react;  and,  second,  as  has  already  been  noted 
above,  an  animal  may  react  after  the  second  or  the  third  inoculation, 
although  the  dose  may  be  only  half  as  large  as  that  given  in  the 
immediately  preceding  ineffective  inoculation. 

The  existence  of  a  more  or  less  marked  transient  (or  permanent) 
natural  immunity  is  of  great  practical  importance  in  all  work  on 
typhus.  Great  caution  and  conservatism  must  be  observed  in  the 
interpretation  of  experimental  results,  especially  negative  results. 
We  believe,  too,  that  it  may  have  a  much  broader  significance  and 
application.  It  will  be  recalled  that  Metchnikoff  and  Besredka,  in 
their  studies  on  antityphoid  vaccination  conclude  that  the  ingestion 
of  Bacillus  paratyphoid-B  may  vaccinate  against  true  typhoid.  This 
conclusion  is  based  on  the  observation  that  in  one  of  two  experiments 
a  chimpanzee  that  had  previously  been  infected  experimentally  with 
paratyphoid-B  was  subsequently  refractory  to  infection  with  ty- 
phoid. Now,  while  the  results  of  future  work  may  reinforce  this 
conclusion,  the  thought  readily  suggests  itself  that  an  occasional 
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chimpanzee  may  be  met  with  that  may  be  transiently  or  permanently 
resistant  to  infection  with  typhoid.  Indeed,  these  authors  them- 
selves, in  a  previous  communication,  report  that  they  met  with  only 
one  failure  in  16  experiments  to  infect  anthropoids.  We  believe, 
therefore,  that  their  conclusion  is  to  some  extent  at  least,  if  not 
altogether,  invalidated. 

In  a  discussion  of  the  susceptibility  of  the  monkey  it  is  essential 
to  have  a  clear  understanding  of  what  one  is  to  consider  as  a  typhus 
reaction  in  this  animal.  Following  an  inoculation  with  virulent 
material  the  monkey  continues  for  a  period  varying  from  5  to  24 
days  as  if  nothing  had  happened.  As  may  be  seen  from  Table  No.  1, 
in  about  90  per  cent  of  cases  the  incubation  period  varies  between 
6  and  10  days. 

Table  No.  1. 


Incubation 

Number  of 

period. 

monkeys. 

Days. 

5 

1 

6 

12 

7 

*       20 

8 

16 

9 

28 

10 

10 

11 

4 

14 

4 

15 

1 

24 

1 

103 

At  the  end  of  this  period  the  temperature  of  the  susceptible  animal 
rises  fairly  rapidly  as  a  rule,  sometimes  gradually  or  at  times  very 
abruptly.  The  fever  reaches  its  fastigium  in  36  to  48  or  72  hours; 
it  then  continues  for  a  variable  period  of  1  or  2  to  5  or  more  days, 
then  defervesces.  The  defervescence,  like  the  invasion,  is  vari- 
able ;  although  usually  gradual,  it  is  frequently  rapid  or  even  critical. 
In  brief,  the  course  of  the  fever  in  the  monkey  is  essentially  like  that 
of  the  fever  in  man. 

The  fever  may  be  accompanied  by  loss  of  appetite,  thirst,  a  ruf- 
fling of  the  fur,  and  a  drooping  posture ;  very  commonly,  however, 
even  with  a  well-defined  febrile  reaction,  the  animal  except  for  some 
slight  listlessness  shows  hardly  any  outward  manifestations.  In 
other  words,  the  fever  is  the  only  definite  index  of  a  reaction.  As 
may  be  seen  from  Table  No.  2,  in  about  76  per  cent  of  the  cases  the 
fever  varies  in  duration  between  6  and  10  da  vs. 
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Table  No.  2. 


Duration  of 

Number  of 

illness. 

monkeys. 

Days. 

3 

2 

4 

1 

5 

1 

6 

5 

7 

9 

8 

24 

9 

21 

10 

17 

11 

9 

12 

6 

13 

3 

14 

2 

15 

1 

29 

1 

102 

_ 

At  the  termination  of  the  fever  there  is  almost  always  manifest 
some  degree  of  emaciation.  Occasionally  after  the  temperature  has 
been  normal  for  three  or  four  days  or  a  week  it  may  go  up  a  second 
time ;  such  a  relapse  may  last  5  or  7  or  more  days  and  end  in  recovery 
or  death.  We  have  met  with  febrile  recrudescence  or  relapse  in  4 
of  103  cases. 

Although  in  appearance  a  mild  disease,  we  have  thus  far  had  4 
deaths  in  a  total  of  103  cases  of  typhus  in  the  monkey.  This  total 
of  cases  includes  10  induced  with  the  Mexican  virus.  Segregating 
these,  we  have  four  deaths  in  93  cases  of  the  disease  induced  with 
the  New  York  strain  (Brill's  disease),  a  mortality  notably  higher 
than  that  reported  by  Brill  in  the  human  subject. 

An  animal  that  has  presented  a  reaction  such  as  above  described 
is  immune  from  subsequent  infection.  In  Table  No.  3  we  present  the 
results  of  immunity  tests  in  monkeys  that  had  presented  typical  pri- 
mary reactions.  It  will  be  seen  that  in  no  instance  has  such  an 
animal  responded  to  a  subsequent  immunity  test.  Such  an  immunity 
may  last  a  long  time,  as  is  shown  by  the  following:  Adela,  a  female 
rhesus,  was  originally  infected  by  an  intraperitoneal  injection  of  6  c.c. 
of  defibrinated  blood  from  a  patient  with  (Mexican)  typhus  on  Jan- 
uary 11,  1910.  This  animal  developed  a  marked  typhus,  terminating 
on  January  29-30,  1910.  Between  November  9,  1911,  and  March  0, 
1912,  this  monkey  was  given  four  inoculations  of  typhus  blood,  all 
of  which  it  resisted  absolutely,  showing  that  it  was  still  immune  after 
at  least  two  years. 
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Monkey  No. 

Date. 

Co.  in- 
oculated. 

Source. 

Site. 

Result. 

/Nov.  23,1911 
\Dcc.     8,1911 
/Dec.   30,1911 
1 J  an.      1, 1912 
/Nov.  23,1911 
\Dec.     8,1911 
(Nov.  29,1911 
{Dec.    12,1911 
[Jan.    11,1912 
[Nov.    9,1911 

IDec.     2,1911 

iDec.   22,1911 

Mar.  30,1912 

Mar.  30,1912 

(Dec.   29,1911 

{ Jan.      1,1912 

[Feb.     1,1912 

Feb.     1,1912 

/Feb.     1,1912 

\Feb.  23,1912 

Jan.    10,1912 

Jan.    10,1912 

(Nov.    9,1911 

IDec.     2,1911 

(Jan.    10,1912 

iMar.     6, 1912 

3.0 
3.5 
6.0 
4.0 
3.0 
3.5 
5.0 
4.0 
7.0 
5.0 

2.5 
4.5 
3.0 
3.0 
6.0 
4.0 
2.5 
2.5 
2.5 
6.0 
3.0 
3.0 
4.0 
2.5 
3.0 
6.0 

Rhesus  306 

Vein 

Rhesus  95 

Case  19M 

Case  38M 

do 

Rhesus  127 

Case  39  M 

do 

Rhesus  30(5 

Vein 

Rhesus  133 

Case  19M                                     IVrilrmoiim 

Rhesus  170 

Vein 

Rhesus  142 

Rhesus  161 

do 

_ 

Rhesus  186 

Peritoneum 



Case  1M 

Vein  and  subcutane- 
ous. 

Vein 



Rhesus  158 

Case  KIM 

Case  26M 

Peritoneum 



Rhesus  188 

Rhesus  234 

do 



Rhesus  210 

Rhesus  234 

do 



Case  35M 

do 



Rhesus  306 

Case  39M 

do 



Rhesus  184 

Vein 



Rhesus  315 

Rhesus  184 

do 



Rhesus  184. 

do 



Rhesus  316 

Rhesus  200,  203,204... 
Rhesus  187..           

Rhesus  317 

Vein 



Rhesus  318 

Rhesus  187. 

do 



Case  1M 

do 



Case  16M 

do 



Rhesus  500 

Rhesus  187 

do 



Rhesus  213,  312 

Peritoneum 



Ordinarily,  therefore,  a  well-marked  febrile  reaction  may  be  inter- 
preted as  typhus  without  subjecting  the  animal  to  an  immunity  test. 
When,  however,  the  fever  is  slight  or  its  course  atypical — that  is, 
when  we  have  what  may  be  designated  as  an  "  abortive  "  fever — this 
can  not  be  construed  as  a  typhus  reaction  unless  the  immunity  test 
proves  the  animal  resistant  to  infection,  and  even  then  not  without 
some  reserve.  Should  the  immunity  test  in  such  cases  show  that 
resistance  has  not  been  conferred,  a  diagnosis  of  previous  typhus  is 
not  permissible. 

The  experimental  work  of  Anderson  and  Goldberger,  Ricketts  and 
Wilder,  Gavino  and  Girard,  and  more  particularly  that  of  Nicolle 
and  Conseil,  has  developed  a  solid  basis  for  the  conclusion  that  the 
virus  of  typhus  is  present  in  the  blood  at  least  throughout  the  febrile 
period.  The  latter  two  workers  were  the  first  to  try  to  determine 
whether  the  virus  is  present  in  the  blood,  either  before  the  beginning 
of  the  fever  or  at  its  defervescence.  As  the  point  has  important 
bearings,  we  repeated  their  work,  and  as  a  result  concluded  (1)  that 
satisfactory  evidence  has  not  yet  been  adduced  that  the  blood  of  a 
monkey  infected  with  typhus  is  virulent  in  the  prefebrile  stage,  and 
(2)  that  the  blood  of  the  monkey  may  still  be  virulent  24  to  32  hours 
after  the  return  of  the  temperature  to  normal. 

Recognition  of  the  infectivity  of  the  blood  naturally  leads  to  the 
search  for  the  element  or  elements  of  the  blood  in  which  the  virus 
is  localized.  Nicolle,  Conor,  and  Conseil  have  argued  in  favor  of 
an  intraleucocytic  localization  of  the  virus,  and  believe  that  the  red 
corpuscles,  after- one  washing,  are  no  longer  infective  (or  onty  incon- 
stantly so) .    We  believe  this  to  be  an  error  of  interpretation,  due  to 
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a  disregard  of  the  possibility  that  the  monkey  is  not  at  all  times  sus- 
ceptible to  infection.  In  a  single  experiment  to  test  this  point  we 
found  that  the  corpuscles  were  infective  after  three  washings.  This 
would  appear  to  suggest  that  the  virus  adheres  very  closely  to  the 
blood  cells.  We  believe,  however,  that  the  real  explanation  is  to  be 
found,  at  least  in  large  part,  in  the  inherent  defect  of  the  method 
(centrifugation)  employed  for  the  separation  of  the  virus  and  the 
corpuscles.  Just  as  a  considerable  number  of  leucocytes  are  entan- 
gled and  carried  down  by  the  red  blood  cells  in  centrifuged  blood,  so 
we  believe  the  virus  is  carried  down  by  the  precipitated  cells. 

The  question  of  the  filterability  of  the  virus,  as  it  exists  in  the 
blood,  has  been  the  subject  of  considerable  research,  but  the  results 
recorded  do  not  appear  to  be  altogether  harmonious.  After  a  care- 
ful consideration  of  the  experiments  reported  by  others  and  the 
results  of  our  own  experiments  we  are  of  the  opinion  that  there  is 
no  evidence  to  show  that  the  virus  in  the  blood  of  typhus  is  able  to 
pass  the  Berkefeld  filter  and,  incidentally,  that  virulent  typhus  blood 
contains  no  toxin  or  contains  it  in  quantities  too  small  to  cause  an 
appreciable  increase  in  the  normal  resistance  of  the  monkey  when 
injected  even  repeatedly  in  the  ordinary  doses. 

The  virus  in  the  blood  is  not  very  highly  resistant.  We  have 
found  that  drying  for  24  hours  and  heating  to  55°  C.  for  5  minutes 
deprives  it  of  infectivity.  It  may  resist  freezing,  however,  for  at 
least  8  days.  Gavifio  and  Girard  report  that  the  infectivity  of  the 
blood  is  lost  after  an  hour's  contact  with  phenol  in  0.5  per  cent  solu- 
tion, but  that  it  is  retained  after  an  hour's  contact  with  saponin  in  a 
solution  of  like  strength. 

Notwithstanding  that  the  transmission  of  typhus  fever  by  the 
body  louse  has  been  shown  by  Nicolle  and  his  coworkers,  by  Ricketts 
and  Wilder,  and  by  ourselves,  and  also  that  the  disease  may  perhaps 
be  transmitted  by  the  head  louse,  there  are  nevertheless  those  who 
believe  that  there  may  be  other  methods  of  transmission,  especially 
by  the  expired  air  or  buccal  secretions. 

In  experiments  conducted  by  ourselves  in  regard  to  this  point  we 
concluded  that  the  buccal  secretions  are  not  infective  for  the  monkey 
and  that  therefore  droplet  infection  plays  no  part  in  the  transmission 
of  the  disease.  This  is  in  distinct  contrast  with  the  method  by  which 
measles  is  spread,  as  we  have  shown  that  in  that  disease  the  virus  is 
contained  in  the  buccal  and  nasal  secretions  collected  before  and 
within  48  hours  after  the  first  appearance  of  the  eruption. 
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OBSERVATIONS   ON  A   CHICKEN   SARCOMA  AND   ITS   FILTERABLE 

CAUSE. 

Peyton  Rous,  M.  D.,  and  James  B.  Murphy,  M.  D. 

[From  the  laboratories  of  the  Rockefeller  Institute  for  Medical  Research.] 

The  present  paper  has  to  do  with  a  sarcoma  of  the  chicken,1  which 
has  been  transplanted  from  one  to  another  of  32  series  of  fowls,  and 
in  this  manner  has  been  kept  growing  in  our  laboratory  for  a  period 
of  nearly  three  years.  The  chief  interest  of  the  disease  lies  not  in 
the  illustration  it  affords  of  the  behavior  of  transplantable  tumors  in 
the  bird — a  subject  of  which  very  little  has  been  known — but  in  the 
fact  that  the  growth's  cause  has  been  found  in  a  filterable  agent,1,2 
almost  beyond  doubt  a  living  organism.  The  presumption  would 
naturally  be  that  a  growth  so  caused  is  a  granuloma,  not  a  tumor; 
and  for  that  reason  the  characters  of  the  disease  have  been  subjected 
to  especially  careful  scrutiny. 

The  original  or  "  spontaneous  "  growth  was  found  in  the  subcuta- 
neous tissue  of  a  young  hen  and  was  transplanted  while  the  host  was 
yet  alive.  Histologically  it  was  a  spindle-celled  sarcoma,  in  some 
parts  myxomatous,  in  others  containing  giant  cells  of  sarcomatous 
type,  as  distinct  from  those  seen  in  the  granulomata  of  the  fowl,  or 
about  foreign  bodies.  The  transplantation  of  the  fresh  tissue  to 
other  chickens  was  successful,  and  the  growth  was  thus  established  for 
experimental  purposes.  In  the  course  of  repeated  transmission,  its 
malignancy  has  been  much  enhanced.  Of  the  many  hundred  deriva- 
tive growths,  most  have  had  the  structure  of  a  spindle-celled  sarcoma. 
They  have  been  made  up  of  large,  more  or  less  attenuated,  spindle 
cells  coursing  in  irregular  strands  and  supported  by  a  scanty,  vas- 
cular framework.  The  remaining  growths  have  shown  striking 
variations  within  the  type,  suggesting  those  which  have  been  noted 
from  time  to  time  (Bashford,  Lewin)  in  the  transmissible  malignant 
tumors  of  mammals.  For  example^  the  sarcoma  is  occasionally 
formed  of  oat-shaped  or  bluntly  fusiform  cells,  or  of  cells  almost 
spherical;  or  many  giant  cells  may  be  scattered  through  the  tissue; 
or  there  may  be  a  mixture  of  all  the  cells  mentioned,  resulting  in  a 
strikingly  polymorphous  appearance.  Only  of  late  have  such  varia- 
tions been  prominent.3  All  the  growths,  histologically  considered, 
are  tumors.  They  can  not  be  confused  with  the  ordinary  granu- 
lomata or  with  the  tissue  of  chronic  inflammation. 

Microscopically,  the  growth  which  arises  after  a  routine  implan- 
tation of  the  sarcomatous  tissue  in  a  fowl's  pectoral  muscles  is  a  dis- 
crete elastic  mass,  lenticular,  spherical  or  ellipsoidal,  which  as  a 
rule  enlarges  rapidly  and  soon  projects  more  or  less  sharply  from 
the  body  contour.     In  hosts  somewhat  resistant,  it  is  especially  well 
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defined  and  is  often  encapulated.  In  them  it  is  prone  to  myxomatous 
change,  being  then  semigelatinous.  Id  other  partially  resistant  hosts, 
it  is  hard  and  fibrous,  finely  striated  on  section,  and  grayish-yellow. 
In  very  susceptible  fowls  it  invades  diffusely,  and  is  grayish-pink, 
homogeneous,  and  gristly,  or  more  often  friable.  In  the  latter  case 
especially  it  is  liable  to  soft,  central  necrosis,  and  to  extensive  hemor- 
rhages into  its  substance  with  cyst  formation. 

The  rapidity  with  which  the  sarcoma  sometimes  grows  is  very 
remarkable,  though,  all  things  considered,  it  is  not  more  so  than  in 
the  case  of  certain  mammalian  tumors,  notably  a  mouse  sarcoma 
described  by  Ehrlich.  Within  three  weeks  after  the  implantation  of 
a  tissue  graft  less  than  2  millimeters  in  diameter  there  may  develop 
from  it  a  mass  12  by  6  by  6  centimeters.  Over  40  per  cent  of  the  cells 
in  the  more  active  portions  of  such  a  growth  may  be  in  process  of 
division  at  one  time.4     Amitosis  is  much  more  frequent  than  mitosis. 

The  sarcoma's  increase  in  size  is  usually  accompanied  by  an  in- 
vasion and  replacement  of  normal  structures.  This  may  be  beautifully 
seen  when  the  growth  lies  in  striated  muscle.  The  neoplastic  cells 
frequently  penetrate  into  the  individual  fibers  and  here,  multiplying 
and  eroding,  they  replace  the  muscle  substance  in  toto,  though  the 
outline  of  the  fiber  is  retained.  Frequently  the  blood  and  lymph  ves- 
sels are  entered,  resulting  in  metastases.  Over  half  the  fowls  now 
dying  of  the  growth  have  secondary  nodules  in  the  viscera.  Usually 
the  distribution  is  by  the  blood  stream,  as  with  other  sarcomata ;  and 
the  lungs  are  affected  first,  later,  the  organs  supplied  by  the  greater 
circulation.  The  lungs  are  sometimes  nearly  replaced  by  coalescing 
nodules,  and  may  be  doubled  in  bulk.  Metastases  are  frequent  in  the 
liver,  heart,  and  ovary,  and  are  met  less  often  in  kidney,  spleen,  giz- 
zard, and  bone  marrow.  A  widespread  dissemination  may  occur  on 
the  surface  of  the  peritoneal  cavity. 

The  host  at  first  seems  unaffected  by  the  developing  growth,  but 
soon  it  begins  to  lose  weight,  becomes  anemic  and  emaciated,  and,  in 
the  absence  of  intercurrent  processes,  dies  in  coma. 

These  are  the  superficial  characters  of  a  tumor,  yet  in  themselves 
they  do  not  suffice  to  identify  the  growth  as  one.  The  essential  fea- 
ture of  tumors,  which  distinguishes  them  from  other  new  formations 
of  tissue,  has  yet  to  be  considered,  namely,  that  of  growth  by  division 
of  the  cells  already  neoplastic,  as  contrasted  wTith  growth  by  a  patho- 
logical change  in  cells  previously  normal.  Are  the  extension  and  dis- 
tribution of  the  chicken  sarcoma  referable  to  this  cause? 

The  problem  has  been  studied  in  several  ways.  The  direct  histolog- 
ical evidence  thus  far  collected  would  suffice  to  settle  it  in  the  case  of 
any  other  growth.  The  histological  character  of  the  growth,  the 
number  of  division  figures,  the  evidence  of  pressure  on  surrounding 
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structures,  the  noteworthy  invasion  and  replacement  by  a  tissue 
which  is  often  very  distinct  from  that  of  the  structure  attacked,  the 
extension  of  strands  of  the  growth  into  the  lumen  of  blood  vessels, 
the  casting  off  of  cell  emboli,  and  the  lodgment  and  growth  of  these 
emboli  at  distant  sites,  may  all  here  be  cited  as  indicating  growth 
"  aus  sich  heraus,"  to  use  Eibbert's  words.  We  have  repeatedly  found 
all  stages  in  the  formation  of  metastases  by  means  of  cell  emboli. 
But  experimental  evidence  is  more  convincing.  A  suspension  of  the 
fresh  tumor  tissue  was  injected  intravenously  into  a  number  of  nor- 
mal fowls,  and  after  some  days  these  were  killed,  and  the  lungs  ex- 
amined in  serial  section.  It  was  found  that  the  sarcomatous  nodules 
developed  from -tumor  bits  that  had  lodged  in  branches  of  the  pul- 
monary artery  and  proliferated  there,  penetrating  at  length  through 
the  vessel  coats  into  the  pulmonary  tissue.  Many  of  the  tumor  emboli 
had  failed  to  survive,  and  about  these  the  sarcoma  did  not  arise.  By 
a  study  of  the  fate  of  numerous  grafts  of  a  single  sarcoma  implanted 
in  a  susceptible  fowl,  and  removed  at  operation  on  successive  days, 
it  has  been  shown  that  the  sarcomatous  tissue  survives  transplanta- 
tion to  other  hosts,  is  vascularized,  and  by  its  proliferation  gives  rise 
to  the  new  growth.  In  resistant  fowls  the  implanted  tissue  dies  and 
no  sarcoma  arises. 

It  is  certain  then  that  the  chicken  sarcoma  grows  "  aus  sich  heraus," 
possesses,  in  other  words,  that  fundamental  character  by  which  at 
present  we  distinguish  tumors.  But  it  may  well  be  asked,  Does  not 
the  growth  extend  also  by  the  infection  of  neighboring  cells?  Cer- 
tainly such  a  possibility  can  not  be  ruled  out  on  histological  evidence 
alone,  any  more  than  it  can  in  the  case  of  the  mammalian  sarcomata, 
and  the  demonstration  of  an  agent  causing  the  growth  would  appear 
a  priori  to  render  such  infection  very  likely  in  its  case.  But  we  have 
found  that  a  number  of  circumstances,  later  to  be  enumerated,  limit 
the  agent's  activity,5  and  to  such  an  extent  that,  even  by  specially 
devised  experiments,  we  have  been  unable  to  show  that  infection  of 
the  sort  mentioned  has  any  share  in  the  sarcoma's  ordinary  mani- 
festations. These  are  referable  entirely  to  growth  and  dissemination 
M  aus  sich  heraus." 

A  further  and  interesting  proof  that  the  chicken  sarcoma  is  a 
neoplasm  is  found  in  the  behavior  of  the  growth  in  the  various  hosts 
to  which  it  has  been  transplanted.  For  some  time  workers  have 
known  that  there  are  certain  conditions  affecting  the  success  of  tumor 
transplantation,  which  are  either  entirely  different  from  those  influ- 
encing the  transmission  of  infectious  diseases  or  are  much  more  pre- 
cise in  their  effect.  (L.  Loeb,  Schone,  Bash  ford,  Fichera,  Rous.) 
These  conditions  are  largely  the  same  ones  that  affect  the  transplanta- 
tion of  normal  tissues.     The  fact  is  one  of  the  most  significant  that 
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has  resulted  from  modern  cancer  research,  and  has  furnished  a  strong 
argument  to  those  theorists  who  refer  the  cause  of  cancer  to  an  in- 
trinsic cell  derangement,  as  distinct  from  an  infectious  agent.  But 
it  happens  that  the  chicken  sarcoma,  though  indubitably  caused  by  an 
extrinsic  agent,  is  markedly  influenced  by  the  conditions  mentioned. 

Prominent  among  such  conditions  is  blood  relationship,  a  factor 
which  plays  so  large  a  part  in  the  success  of  surgical  grafting.  Our 
original  chicken  sarcoma  occurred  in  a  fowl  of  pedigreed  stock  and 
was  transplantable  at  first  only  to  this  fowl's  immediate  relatives 
(fowls  in  the  relationship  of  half  brother,  half  sister,  uncle,  and 
aunt).  In  nonrelated  fowls  of  exactly  the  same  breed  (barred  Plym- 
outh Rock) ,  it  would  not  grow.  Only  after  repeated  transplantation, 
which  resulted  in  enhanced  malignancy,  did  it  become  less  precise  as 
regards  a  host.  Even  when  last  tested  (eighth  tumor  generation),  it 
grew  best  in  chickens  of  the  original  strain.  Despite  repeated  efforts 
it  has  never  been  successfully  transferred  to  mammals,  rabbits,  guinea 
pigs,  rats,  mice),  or  to  other  birds  than  chickens  (pigeons,  ducks). 

The  physical  condition  of  the  host  has  a  marked  influence  on  the 
chicken  sarcoma,  the  reverse  of  that  obtaining  for  the  usual  infectious 
diseases,  and  similar  to  that  noted  in  the  case  of  the  transplantable 
mammalian  tissues,  normal  and  neoplastic.  An  emaciating  illness, 
instead  of  predisposing  the  host,  renders  it  relatively  insusceptible, 
and  may  cause  the  rapid  retrogression  or  even  the  temporary  disap- 
pearance of  well-developed  sarcomata.2  The  growth  is  more  easily 
transplanted  to  young  hosts  than  to  old,  and  grows  more  rapidly  in 
them,  a  fact  already  known  of  the  transplantable  mammalian  tissues. 
By  inoculations  into  chick  embryos  (seventh  to  tenth  day),  without 
disturbing  their  development,  we  have  found  that  embryos  are  espe- 
cially susceptible  as  hosts.6  Some  adult  fowls  exhibit  a  natural 
resistance  that  is  independent  of  age,  condition,  or  variety.  Though 
apparently  very  suitable  as  hosts  for  the  tumor,  these  fail  to  develop 
a  growth  even  after  repeated  inoculations  with  active  tumor  tissue. 
In  some  chickens,  too,  the  sarcoma,  after  growing  for  a  while,  retro- 
gresses without  evident  reason,  leaving  the  host  temporarily  resistant. 
All  the  types  of  resistance  mentioned  have  their  parallel  in  mammals. 
The  histological  processes  about  the  retrogressing  tumor  or  the 
unsuccessful  graft  are  essentially  similar  in  the  case  of  the  chicken 
tumor  and  rat  and  mouse  tumors.5 

So  much,  then,  for  the  characters  of  the  chicken  sarcoma.  They 
stamp  the  growth  as  a  tumor  in  all  that  the  word  implies  at  this 
day  when  our  conception  of  the  neoplastic  process  rests,  not  merely 
on  clinical  and  anatomical  data,  but  on  broader  experimental  findings. 
So  close  a  correspondence  between  the  tumor  phenomena  in  the  bird 
and  those  in  mammals  could  hardly  have  been  expected. 
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Our  first  attempts  to  determine  the  chicken  sarcoma's  cause  were 
made  without  expectation  that  they  would  lead  to  positive  results. 
By  three  methods,  an  etiological  agent,  as  distinct  from  the  tumor 
cells,  has  been  demonstrated,  viz,  by  filtration,  by  drying,  and  by 
glycerinization.1'  2>  7  The  fluid  obtained  by  passing  an  extract  in 
Ringer's  solution  of  the  fresh  sarcomatous  tissue  through  a  Berkefeld 
filter  (N)  will  give  rise  to  the  tumor;  sarcomatous  tissue  dried 
in  vitro  over  sulphuric  acid,  ground  to  powder,  and  so  kept  for  weeks 
or  months,  will  likewise  cause  it ;  and  so  will  tissue  kept  for  weeks  in 
50  per  cent  glycerin.8  No  special  complexity  has  attended  our  use 
of  these  procedures.  The  tumors  engendered  by  filtrate,  or  by  the 
dried  or  glycerinated  tissue,  do  not  differ  from  those  resulting  from 
transplantation,  except  that  they  take,  as  a  rule,  very  much  longer  to 
appear  and  often  grow  much  more  slowly.  They  metastasize,  and  are 
capable  of  transplantation,  forming  the  potential  source  of  any 
number  of  growths  from  each  of  which  the  agent  may  be  obtained 
in  quantity. 

The  characters  of  the  agent  are  those  which  we  associate  with 
microorganisms ; 7  and  it  would  appear  to  be  among  the  larger  of 
the  filterable  causes  of  disease,  failing,  as  it  does,  to  pass  through  a 
Chamberland  bougie,  though  it  goes  easily  through  a  Berkefeld  cyl- 
inder (N  or  V)  impermeable  to  Bacillus  fluorescens  liquefaciens. 
Our  repeated  attempts  to  observe  the  agent  directly  and  to  cultivate 
it  in  vitro  have  thus  far  failed.  In  dried  or  glycerinated  tissue  it 
undergoes  a  gradual  attenuation.  In  fresh  sarcomatous  tissue  it  sur- 
vives repeated,  rapid  freezing  and  thawing,  which  reduces  the  tissue 
itself  to  a  pulp.  It  is  rendered  inactive  by  heat  (55°  C.  for  15 
minutes)  a  little  greater  than  that  which  kills  the  associated  tumor 
cells  (50°  C.),  as  shown  by  the  results  of  attempts  to  grow  them  in 
vitro.  It  is  quickly  rendered  inactive  by  autolysis,  by  chloroform 
and  toluol,  in  the  proportions  used  to  prevent  bacterial  growth  in 
autolytic  preparations,  by  2  per  cent  carbolic  acid,  and  by  50  per  cent 
alcohol.  Like  the  animal  organisms  in  distinction  from  most  of  the 
vegetable  ones  (v.  Prowacek)  it  is  destroyed  by  high  dilutions  of 
seponin  and  by  bile. 

The  relation  of  the  agent  to  the  disease  which  it  causes  is  at  present 
unique  in  pathology,  for  the  behavior  of  the  sarcoma  is  entirely 
referable,  as  already  shown,  to  the  cells  composing  it.  Recent  work 
has  made  evident  some  of  the  reasons  for  this. 

In  the  first  place  the  agent  elicits  of  itself  no  noteworthy  immunity. 
The  resist ni ice  induced  in  fowls  by  retrogression  of  the  sarcoma  is 
very  weak,  is  frequently  transient,  and  its  histological  manifestation 
about  n  fresh  graft  of  the  sarcomatous  tissue  is  of  the  sort  which  we 
have  come  to  recognize  as  indicating  resistance  to  the  strange  tissue 
as  such.     With   the  object  of  obtaining  a   more  marked   resistance 
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many  chickens  have  been  injected  with  gradually  increasing  amounts 
of  the  dried  sarcomatous  (issue,  attenuated  at  first  by  heat.  Most  of 
these  have  sooner  or  later  developed  the  sarcoma  and  died  of  it. 
The  sera  of  the  fowls  which  survived  and  of  rabbits  which  had  been 
similarly  injected  have  shown  only  very  dubious  powers  of  neutrali- 
zation when  incubated  in  vitro  with  the  agent.  The  absence  of  well- 
defined  immunity  processes  directed  against  the  agent  as  such  ex- 
plains very  well  why  immunity  processes  directed  against  the  trans- 
planted tumor  tissue  as  strange  tissue,  and  present  in  any  event, 
come  to  claim  attention.  Their  existence  in  the  case  of  this  and  other 
growths  does  not  mean  necessarily  that  an  etiological  agent  other 
than  the  cells  themselves  must  be  absent.  It  means  simply  that  the 
phenomena  of  resistance  to  such  an  agent,  if  present,  are  less  well 
marked  than  those  directed  against  the  cells  themselves. 

Secondly,  the  agent  does  not  act  upon  normal  connective  tissue. 
To  bring  about  a  neoplastic  change  it  must  have  opportunity  to 
affect  connective  tissue  in  which  a  proliferative  reaction  is  occurring. 
A  large  quantity  of  Berkefeld  filtrate  containing  the  agent  in  active 
form,  when  introduced  through  a  fine  needle  into  normal  tissue  has 
only  rarely  results  in  a  growth,  and  this  growth  develops  in  the 
track  of  the  injecting  needle,  but  if  to  the  filtrate  there  be  added  a 
little  sterile  Kieselguhr  (which  produces,  as  Podwyssozki  has  shown, 
a  profuse  connective  tissue  reaction)  tumors  follow  a  large  per- 
centage of  the  inoculations,  and  they  develop  from  numerous  foci 
where  the  reaction  to  Kieselguhr  is  going  on.    • 

Third,  the  agent's  action  in  producing  tumor  tissue  by  a  change 
in  cells  not  previously  neoplastic  is  very  sIoav  as  compared  with  the 
proliferation  of  these  cells,  once  they  have  undergone  a  neoplastic 
change.  The  first  few  cells  that  become  sarcomatous  rapidly  divide 
and  elaborate  the  mass  of  tumor  tissue.  Their  activity  overshadows 
any  coincident  neoplastic  transformation,  granting,  indeed,  that  the 
factor  of  cell  derangement  necessary  for  this  be  present. 

The  existence  of  these  three  limitations  to  the  agent's  activity  will 
largely  account  for  the  latter's  failure  to  take  an  obvious  part  in  the 
tumor's  ordinary  growth  and  distribution  in  the  host.  The  existence 
of  yet  other  limiting  factors  would  explain  why  this  failure  is  so 
nearly  absolute.  It  is  to  such  factors  also,  discovered  and  undis- 
covered, that  the  sarcoma's  failure  to  appear  as  an  epidemic  disease, 
and  its  total  lack  of  infectivity  in  the  ordinary  sense,  must  be  at- 
tributed. During  the  last  year  Ave  have  collected  some  30  spontaneous 
chicken  tumors  without  encountering  again  the  picture  of  the  sar- 
coma ;  and  in  our  laboratory,  during  the  last  three  years,  there  have 
been  kept  in  close  quarters  large  numbers  of  fowls  with  and  without 
the  disease,  yet  Ave  have  still  to  find  an  instance  of  its  natural  trans- 
mission under  these  circumstances. 
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The  results  of  the  study  thus  briefly  summarized  offer  more  than 
a  suggestion  as  regards  the  etiology  of  malignant  tumors.  They 
afford  a  rational  explanation,  founded  on  an  actual  instance,  of  some 
of  the  more  puzzling  features  of  these  growths.  The  peculiarities 
of  occurrence  of  malignant  growths,  the  importance  of  tissue  derange- 
ment in  their  etiology,  their  growth  and  dissemination  by  means  of 
cells,  their  behavior  on  transplantation,  are  quite  compatible  with 
the  assumption  that  they  are  caused  by  an  agent  limited  in  its  action 
by  conditions  somewhat  similar  to,  but  doubtless  more  complex  than, 
those  influencing  the  agent  causing  the  chicken  tumor.  But  whether 
this  assumption  be  correct,  the  work  of  the  future  must  determine. 
Certainly  the  findings  with  the  chicken  sarcoma  largely  demolish 
the  theoretical  objections  to  an  extrinsic  cause  for  cancer. 

Note. — Since  the  above  article  was  written  we  have  demonstrated 
that  a  filterable  agent  is  the  cause  of  an  osteo-chondro-sarcoma  of 
the  fowl,  recently  propagated  in  this  laboratory.  The  agent  causing 
this  growth,  like  that  of  the  spindle-celled  sarcoma,  requires  for  its 
action  an  associated  cell  derangement,  but  true  cartilage  is  laid  down 
in  the  growths  to  which  it  gives  rise.9 

1  Peyton  Rous,  Jour.  Exp.  Med.  1910,  xii,  696.    J.  A.  M.  A.  1910,  liv,  1805. 

2  Ibid.,  Jour.  Am.  Med.  Ass.  1911,  lvi,  198;  Jour.  Exp.  Med.  1911,  xiii,  397; 
Proceedings  Am.  Philosoph.  Soc.  1912,  li,  201. 

8  An  article  dealing  with  these  variations  will  shortly  appear  in  the  Jour, 
of  Exp.  Med. 

4  J.  B.  Murphy  and  Peyton  Rous,  Jour.  Exp.  Med.  1912,  xv,  119. 

5  Rous  and  Murphy,  Jour.  Exp.  Med.  1912,  XV,  270. 

0  Rous  and  Murphy,  Journal  of  the  American  Medical  Association,  1911,  LVI, 
741;  Journal  of  Experimental  Medicine,  1912,  XV,  119. 

7  Rous  and  Murphy,  Jour,  of  Amer.  Med.  Assoc,  1912,  LVIII,  1938. 

8  Two  other  methods,  namely,  freezing  and  thawing  the  fresh  tumor  tissue, 
and  heating  it  at  50-53°  C.  allow  a  less  satisfactory  differentiation  of  the  agent 
from  the  cells. 

9  See  Peyton  Rous,  J.  B.  Murphy,  and  W.  H.  Tytler,  Journal  of  the  American 
Medical  Association,  1912,  LIX,  1793. 
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UEBER   CHOLERAELEKTIVNAHRBODEN. 

By  Prof.  Adolf  Dieudonn£,  University  of  Munich,  Germany. 

In  der  Deutschen  amtlichen  Anweisung  fur  den  bakteriologischen 
Nachweis  der  Cholera  ist  bereits  ein  stark  alkalischer  3  procentiger 
Agar  empfohlen,  auf  dem  die  Entwicklung  anderer  Keime  wesentlich 
eingeschrankt  wird.  Von  diesem  Nahrboden.  dessen  Elektivitat  auf 
der  starken  Alkalitoleranz  der  Choleravibrionen  basiert,  ausgehend, 
hat  Dieudonne  durch  Zusatz  von  bestimmten  Mengen  Rinderblutes, 
das  speciell  auf  Vibrionen  wachstumsfordernd  einwirkt,  einen 
neuen  Choleraelektivnahrboden  angegeben,  durch  den  die  bakteri- 
ologische  Untersuchung  auf  Cholera  wesentlich  vereinfacht  wird, 
und  ihr  Nachweis  mit  weit  grosserer  Sicherheit  gelingt.  Bei  der 
Bereitung  dieses  Nahrsubstrates  werden  defibriniertes  Rinderblut 
und  Normalkalilauge  zu  gleichen  Teilen  gemischt  and  J  Stunde  im 
Dampfstoff  sterilisiert ;  die  Mischung  wird  dann  mit  3  procentigem, 
genau  auf  den  Neutralpunkt  eingestelltem  Agar  im  Verhaltnis  von 
3 : 7  versetzt,  und  das  Ganze  sof ort  in  Petrischalen  ausgegossen. 
Dabei  verwendet  man  nach  dem  Vorschlag  von  Neufeld  u.  Woithe 
am  besten  15  ccm  Nahrbodenmasse  fiir  je  1  Petrischale  von  10  ccm 
Durchmesser.  Wenn  die  Nahrbodenschicht  festgeworden  ist,  werden 
die  Schalen  geschlossen  und  mit  dem  Deckel  nach  unten  je  nach  dem 
Feuchtigkeitsgehalt  12-15  Stunden  lang  im  Brutschrank  bei  37° 
aufbewahrt.  Es  empfiehlt  sich  vorher  zwischen  Ober-  und  Unter- 
schale  und  ihre  Wandungen  kleine  Streifen  Fliesspapier  einzulegen, 
sodass  die  Schalen  teilweise  off  en  sind  und  ein  Ansaugen  und  Ent- 
weichen  der  Feuchtigkeit  und  der  Abdampfstoffe  (Ammoniak) 
erzielt  wird. 

Der  Dieudonne'sche  Blutalkaliagar  hat  sich  bei  den  schr  zahl- 
reichen  Nachpriifungen  und  in  der  Praxis  bei  Choleraepidemien 
bereits  ausgezeichnet  bewahrt.  Allerdings  haftet  ihm  der  Nachteil 
an,  dass  er  nicht  sofort,  sondern  erst  nach  einiger  Zeit,  im  ungiin- 
stigsten  Fall  erst  etwa  18  Stunden  nach  dem  Ausgiessen  der  Platten, 
benutzt  werden  kann,  weil  bei  sofortiger  Verwendung  jedes  Bak- 
66692— vol  2,  pt  1—13 3  33 
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terienwachstum.  auch  die  Entwicklung  der  Choleravibrionen  unter- 
driickt  wird.  Um  diesen  Missstand  abzuhelfen,  sind  von  verschie- 
denen  Autoren  eine  Anzahl  Modifikationen  angegeben  worden,  von 
denen  die  bekanntesten,  namlich  die  von  Neufeld-Woithe,  Esch, 
Pilon,  Hoffmann-Kutscher  und  Moldavan,  im  folgenden  mitbe- 
sprochen  werden  solien. 

Neufeld  u.  Woithe  suchten  einen  sofort  verwendbaren  Blutal- 
kaliagar  dadurch  zu  gewinnen,  dass  sie  unmittelbar  vor  dem  Giessen 
der  Platten  auf  je  100  ccm  des  Nahrbodens  2  ccm  10  procent. 
Milchsaure  zusetzten  behufs  Bindung  des  Ammoniaks,  bezw.  zur 
Neutralisation  eines  etwaigen  Ueberschusses  der  nach  dem  langen 
Kochen  etwa  noch  iibermassig  vorhandenen  Lauge.  Dieser  Nahr- 
boden,  der  nach  J  stundigem  Troclnien  der  Platten  im  Brutschrank 
von  60°  sofort  benutzt  werden  kann,  behalt  aber  seine  Elektivitat 
fiir  Cholera  nur  kurze  Zeit,  da  nach  24-48  Stunden  die  Alkalescenz 
infolge  der  zunehmenden,  durch  den  Zusatzt  der  Saure  eintretenden 
Neutralisation  stark  herabgesetzt  wird. 

Esch  benutzte  bei  Herstellung  seiner  Modifikation  5  g  kiiufliches 
Hamoglobin  (von  der  Firma  Marck  in  Darmstadt),  das  er  in  15 
ccm  Normalnatronlauge  +15  ccm  Aqua  destillata  aufloste.  Das 
Gemisch  wurde  1  Stunde  in  Dampf  sterilisiert,  und  davon  wurden 
15  ccm  mit  85  ccm  lackmusneutralen  3  procentigem  Agar  vermengt 
und  zu  Platten  gegossen.  Nach  kurzer  Trocknung  bei  Zimmertem- 
peratur  konnen  die  angelegten  Platten  bereits  verwendet  werden. 
Allerdings  bemerkt  der  Autor  selbst,  dass  die  Elektivitat  seines 
Ersatznahrbodens  nicht  den  gleich  hohen  Grad  wie  der  Originalagar 
erreicht. 

Pilon  vertritt  die  Auffassung,  dass  die  anfangliche  totale  Wacha- 
tumshemmung  des  Dieudonne'schen  Blutalkaliagars  nicht,  wie 
Huntemuller  annimmt.  auf  der  Ammoniakentwicklung  beruhe, 
sondern  dass  durch  den  urspriinglich  hohen  Alkalilaugengehalt  des 
Nahrsubstrates  die  Entwicklung  der  Choleravibrionen  unterdriickt 
werde.  Erst  wenn  also  die  Alkalilauge  durch  die  Kohlensaure  der 
Luft  in  Karbonat  umgewandelt  worden  sei,  konne  man  die  Original- 
blutagarplatten  benutzen.  Er  suchte  daher  einen  sofort  gebrauchs- 
fahigen  Nahrboden  dadurch  zu  erzielen,  dass  er  die  Kalilauge  durch 
Sodalosung  ersetzte.  Nach  seinen  Angaben  werden  defibriniertes 
Blut,  am  besten  Schweineblut  und  12  procent  Sodalosung  zu  gleichen 
Teilen  gemischt  und  nach  1  stiindiger  Sterilisierung  im  Dampftopf 
mit  lackmusneutralem  4  procentigem  Agar  im  Verhaltnis  3:7  ge- 
mengt.  Die  frisch  gegossenen  festgewdrdenen  Platten  bediirfen  dann 
vor  dem  Gebrauch  noch  einer  ]  stiindigen  Trocknung  im  Brutschrank. 

Einen  weiteren  Ersatz  fiir  den  Originalagar  stellt  der  von  Hoff- 
mann und  Kutscher  angegebene,  getrocknete  Dieudonne'-Blutalka- 
liagar.     Er  wird  in  der  AVeise  gewonnen,  dass  man  den  gewohnlichen 
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Dieudonne'schen  Originalniihrboden  in  Petrischalen  ausgiesst  und 
im  Faust-Heim'schen  Apparat  trocknet.  Man  erhalt  so  ein  braunes, 
ziemlich  grobkorniges  Pulver,  das,  vor  Feuchtigkeit  geschiitzt,  lange 
haltbar  ist..  Zur  Bereitung  des  gebrauchsfertigen  Nahrbodens  lost 
man  8  g  dieses  Pulvers  in  100  ccm  Wasser  auf  und  kocht  das  Gemisch 
\  Stunde  im  Dampftopf.  Vor  dem  Giessen  der  Platten  empfiehlt 
es  sich,  den  Nahrboden  kurze  Zeit  noch  im  Kolben  stehen  zu  lassen, 
weil  sich  die  truben  Bestandteile  dann  am  Boden  absetzen,  und  das 
Nahrsubstrat  ziemlich  hell  und  durchscheinend  wird.  Die  frisch 
gegossenen,  abgekuhlten  Platten  sind  ebenfalls  nach  kurzer  Trock- 
nung  im  Brutschrank  bei  60°  verwendbar. 

Moldavan  mischt  Blutalkali  und  Agar  im  Verhaltniss  von  1 : 4. 
Die  gegossenen  Platten  bleiben  6  Stunden  (also  fur  die  Anreicherung 
in  Peptonwasser)  unbeniitzt  bei  Zimmertemperatur  stehen.  Nach 
dieser  Zeit  beimpft  erweisen  sie  sich  zwar  schon  etwas  weniger  elek- 
tiv  als  de*r  Originalniihrboden,  aber  giinstiger  fiir  das  Wachstum  der 
Cholera vibrionen,  sodass-letztere  wenn  uberhaupt  wachstumfahig, 
stets  angehen. 

Aus  diesen  Ausfuhrungen  geht  hervor,  dass  die  Herstellung  dieser 
verschiedenen  Nahrmedien  sich  bei  samtlichen  Substraten  in 
derselben  einfachen  Weise  durchfuhren  lasst.  Einen  gewissen  Vor- 
teil  diirfte  die  von  Esch  angegebene  Modification  insofern  bieten, 
als  das  von  ihm  benutzte  Hamoglobin  stets  vorratig  gehalten  werden 
kann  und  die  Aufbewahrung  gut  vertragt.  Was  das  Aussehen  der 
einzelnen  Nahrbodenplatten  betrifft,  so  zeigen  die  des  Originalagars, 
der  Neufeld-Woithe'schen  und  der  Pilon'schen  Modification  eine 
dunkelbraune  Farbe  und  sind  undurchsichtig ;  die  Platten  des 
getrockneten  Blutalkaliagars,  sowie  die  nach  Moldavan  und  nach 
Esch  hergestellten  dagegen  sind  hell  und  ziemlich  gut  durchscheinend. 
Eine  wesentliche  Aufhellung  auch  der  obigen  3  Nahrmedien  erzielten 
Haendel  u.  Baerthlein,  auf  deren  umfangreiche,  im  Kaiserlichen 
Gesundheitsamt  durchgefuhrte  Nachpriifungen  sich  unsere  kritische 
Wertung  des  Originalagars  und  seiner  Modifikationen  im  Wesent- 
lichen  stiitzt,  durch  Verwendung  alteren,  defibrinierten  Blutes,  das 
einige  Zeit  im  Eisschrank  aufbewahrt  worden  war.  Bei  samtlichen 
Nahrboden  mit  Ausnahme  der  Neufeld-Woithe'schen  Modification 
blieb  die  Elektivitiit  fiir  Cholera  bei  Aufbewahrung  im  Eisschrank 
lange  Zeit  gut  erhalten.  Dagegen  erscheint  eine  langere  Aufbe- 
wahrung des  Blutalkaliagars  im  Kolben  wenig  angezeigt,  weil  durch 
das  notwendige,  wiederholte  Kochen  die  Nahrboden  rasch  weich 
und  briichig  werden. 

Was  nun  das  Wachstum  der  Cholera  auf  den  erwahnten  Nahrsub- 
straten  betrifft,  so  entwickeln  im  Allgemeinen  auf  samtlichen 
Nahrboden  altere  wie  frisch  isolierte  Kulturen  ziemlich  grosse,  flache, 
rauchbraune,  bezw.  auf  dem  Esch'schen  Blutagar  graubraune  Ko- 
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lonien,  die  auf  den  Pilon'schen  Platten  am  iippigsten  wachsen.  Einen 
gewissen  Nachteil  zeigt  indessen  der  mit  Milchsaurezusatz  hergestellte, 
sowie  der  nach  Moldavan  gewonnene,  indem  trotz  genauer  vorschrifts- 
massiger  Herstellung  in  einzelnen  Fallen  auch  das  Wachstum  echter 
Cholera  unterdriickt  wird.  Die  Agglutinabilitat  der  Choleravibrio- 
nen,  die  nach  der  Angabe  einzelner  Untersucher  bei  dem  Wachs- 
tum auf  den  blutnahrboden  vermindert  sein  soil,  ist  wohl  etwas 
verzogert  wegen  der  Klebrigkeit  des  Materials,  aber  nicht  in  dem 
Masse,  dass  dadurch  die  Diagnosestellung  leidet.  Die  chloleraahn- 
lichen  Vibrionen  wachsen  auf  dem  Esch'schen  und  dem  Pilon'schen 
Nahrboden  ebenso  gut  wie  echte  Cholera,  wahrend  sie  auf  dem 
Dieudonne'schen  Originalagar  sparlicher  gedeihen,  auf  den  anderen 
Modifikationen  verschiedentlich  iiberhaupt  nicht  zur  Entwicklung 
kommen. 

Nach  den  vergleichenden  Untersuchungen  von  Haendel  u.  Baerth- 
lein  iiber  die  entwicklungshemmende  Eigenschaften  der  Nahrboden 
anderen,  insbesondere  Stuhlbakterien  gageniiber  ergaben  sich 
zwischen  den  einzelnen  Nahrsubstraten  doch  recht  betrachtliche 
Unterschiede.  Wenn  man  die  verschiedenartigen  Kokken  in  Abrech- 
nung  bringt  die  zwar  auf  alien  Nahrboden  ziemlich  haufig,  wenn 
auch  sparlich  zur  Entwicklung  kommen,  aber  durch  das  Aussehen 
ihrer  ausserst  feinen  Kolonien  sich  leicht  von  echter  Cholera  unter- 
scheiden  lassen,  also  ohne  praktische  Bedeutung  sind,  so  blieben  die 
mit  den  Faces  darmkranker  itmd  gesunder  Menschen  beimpften 
Platten  beim  Dieudonne'-Agar  in  50— 60i  procent,  beim  Neufeld- 
Woithe-Agar  in  87  procent,  beim  getrockneten  Dieudonne'-Agar  in 
42  procent,  beim  Esch-Agar  in  5,  7  procent,  beim  Pilon-Agar  in  22 
procent  und  endlich  bei  der  Moldavan-Modifikation  in  65  procent  der 
Falle  steril.  Wir  sehen  also,  dass  hinsichtlich  der  Elektivitat  die 
Neufeld-Woithe'sche  Modification  an  1.,  der  Dieudonne'sche  Origi- 
nalagar und  der  nach  Moldavan  an  2.,  der  getrocknete  Dieudonne'sche 
Nahrboden  an  3.  Stelle  stehen,  wahrend  bei  der  Pilon'schen  und 
Esch'schen  Modification  die  Verhaltnisse  weniger  giinstig  liegen. 
Die  innerhalb  24  h  zur  Entwicklung  gekommenen  Bakterien  sind  auf 
dem  Nahrboden  nach  Neufeld-Woithe  nur  Vibrionen  und  Alkalige- 
nesstamme;  auf  dem  Originalagar,  dem  getrockneten  Agar  und  den 
Modifikationen  nach  Moldavan,  Pilon  und  Esch  wachsen  ausser 
chosen  Bakterienarten  noch  dem  Protens  und  der  Coligruppe  zuzu- 
reehnende  Kulturen,  wobei  auf  dem  Esch-  und  dem  Pilon-Nahrboden 
speziell  die  Coli-Bakterien  reichlich  vertreten  sind  und  zu  Ver- 
wechselung  mit  Cholerakolonien  fiihren  konnen.  Mittels  des  Pilon'- 
schen Nahrsubstrates  wurden  noch  vereinzelt  Paratyphus-Stamme 
isoliert. 

Die  Priifung  der  verschiedenen  Nahrboden  durch  Aussaat  aus 
Stiihlen,   denen  neben    anderen   Bakterien   jeweils   auch    Cholera vi- 
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brionen  in  fallenden  Menge  zugesetzt  waren,  zeigte,  dass  auf  samt- 
lichen  Blutalkalinahrboden  im  Allgemeinen  wiihrend  der  ersten  24 
Stunden  die  Choleravibrionen  entweder  die  anderen  Bakterienarten 
glatt  iiberwuchern,  oder  doch  so  weit  zur  Entwicklung  kommen,  dass 
ihre  weitere  Isolierung  mit  Hilfe  von  Agarplatten  gut  gelingt.  Von 
praktisch  wichtiger  Bedeutung  hinsichtlich  der  Abkiirzung  der  Chole- 
radiagnose ist  dabei  die  Feststellung,  dass  sich  haufig  bei  entspre- 
chend  reichlichem  Cholerawachstum  von  den  .ersten  Stuhlplatten 
schon  die  quantitative  Agglutination  und  in  manchen  Fallen  auch  der 
Pf eiffer'sche  * Versuch  ausfiihren  lassen.  Bei  sparlicher  Entwicklung 
der  Cholerakolonien  oder  gleichzeitigem,  reichlichem  Wachstum  von 
choleraahnlichen  Vibrionen  oder  Alkaligenes,  bezw.  Proteus  auf  den 
Platten,  wie  dies  in  der  Praxis  verschiedentlich  vorkommen  diirfte, 
empfiehlt  es  sich  aber  dringend,  erst  mit  frisch  angelegten  Agar- 
kulturen  die  betreffenden  Reaktionen  vorzunehmen.  Erwahnt  sei 
auch,  dass,  was  fiir  die  Weiterziichtung  der  isolierten  Stamme  von 
Bedeutung  ist,  auf  dem  Blutalkaliagar  in  der  Regel  keine  Reinkul- 
turen  von  Cholera  bei  der  Ziic^tung  aus  dem  Stuhl  sich  entwickeln, 
wie  man  auf  den  ersten  Blick  haufig  glauben  konnte ;  denn  die  iibri- 
gen  Stuhlbakterien  kommen  zwar  nicht  zur  Entwicklung,  sie  werden 
aber  auch  nicht  abgetotet  und  konnen  bei  Abimpfung  selbst  von 
einer  isolierten  Cholerakolonie  auf  andere  Nahrboden  nach  langerem 
Stehen  der  neuen  Nahrsubstrate  leicht  zu  schwerer  Verunreinigung 
und  Schadigung  der  betreffenden  Cholerakultur  fuhren. 

Zusammenfassend  ergibt  sich  also,  dass  die  verschiedenen  Blut- 
alkaliagar-Nahrboden  den  bisher  in  der  Choleradiagnose  gebrauch- 
lichen  Niihrsubstraten  wesentlich  iiberlegen  sind.  Durch  ihre  Benut- 
zung  vereinfacht  sich  die  Isolierung  der  Vibrionen  aus  verdachtigem 
Material  ganz  bedeutend  und  die  Choleradiagnose  lasst  sich  in  den 
meisten  Fallen  nach  kiirzerer  Zeit  stellen  wie  bisher.  Unter  den 
angegebenen  Elektivnahrboden  hat  sich  der  Dieudonne'sche  Original- 
agar  am  zuverliissigsten  und  besten  bewahrt.1  Zu  beriicksichtigen 
ist  allerdings,  dass  er  nicht  sofort,  sondern  erst  etwa  18  Stunden  nach 
dem  Giessen  der  Platten  gebrauchsfahig  ist. 

Den  ersten,  verdachtigen  Fallen  Bis  Firrdman  zunachst  eine  der 
erwahnten  Modifikationen  benutzen,  unter  denen  der  getrocknete 
Dieudonne'sche  Originalagar,  oder  die  Modifikation  nach  Esch  und 
Pilon  als  geeignet  erscheinen,  wiihrend  die  Niihrboden  nach  Neufeld- 
Woithe  und  nach  Moldavan  nicht  die  gleich  grosse  Sicherheit  bieten, 
da  sie  wegen  ihrer  hohen  Elektivitiit  in  seltenen  Fallen  auch  auf  die 
Entwicklung  der  Choleravibrionen  zu  stark  hemmend  einwirken. 
Fiir  die  Untersuchung  der  weiteren  Falle  ware  indessen  der  Dieu- 
donne'sche Originalnahrboden  angezeigt. 

Zum  Schluss  sei  noch  in  Kurze  auf  zwei  von  Ottolenghi,  bezw.  vca 
Kraus  angegebene  Methoden  eingegangen,  welche  einen  Ersatz  des 
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Anreicherungverfahrens  von  Choleravibrionen  in  Peptonwasser 
bringen  sollen.  Nach  den  Angaben  von  Ottolenghi  wird  frische 
Ochsengalle  durch  Papierfilter  filtriert,  imd  das  Filtrat  mit  3  ccm 
einer  10  procentigcn  Losung  von  kristallisiertem  Natriumkarbonat, 
so  wie  mit  0.,  1  Kaliumnitrat  versetzt.  In  die  einzelnen  Reagens- 
rohrchen  werden  dann  je  5  ccm  der  Mischung  abgefiillt  und  steri- 
lisiert.  Gegeniiber  dem  Peptonwasser  soil  die  Galleanreicherung 
auch  bei  sparlichem  -Vorhandensein  von  Choleravibrionen  im  Stuhl 
noch  gute  Resultate  zeitigen,  ferner  auf  die  verschiedenen  Stuhlbak- 
terien  und  auch  auf  andere  Keime  stark  entwicklungshemmend  ein- 
wirken.  Endlich  gestattS  dieses  Verfahren  die  Verwendung  ziemlich 
grosser  Faces-Mengen. 

Kraus  benutzt  den  schon  von  Dieudonne  in  seiner  ersten  Veroffent- 
lichung  angegebenen  fliissigen  Blutalkalinahrboden.  Je  100  ccm 
neutraler  Bouillon  werden  mit  25  ccm  Blutalkalilosung  gemischt: 
Diese  Blutalkalibouillon  wird  zuniichst  3  Stunden  bei  50°  und  dann 
24  Stunden  bei  37°  gehalten,  hierauf  in  Mengen  von  5  ccm  auf 
Reagensrohrchen  aufgefullt  und  beimpft.  Kraus  bemerkt  aus- 
driicklich,  dass  dieser  Nahrboden  unbeclingt  durch  einen  Vorversuch 
auf  seine  elektiven  Eigenschaften  gepriift  werden  muss.  Die  fertige 
Losung  ist  langere  Zeit  hindurch  haltbar. 

Mit  der  Gallenanreicherung  von  Ottolenghi  erhalt  man  nach  den 
Mitteilungen  von  Haendel  und  Baerthlein  in  manchen  Fallen  vielleicht 
etwas  bessere  Resultate  als  mit  der  Peptonwassermethode.  Jedenfalls 
ist  aber  das  Galleverfahren  dem  Peptonwasser  nicht  in  dem  Masse 
iiberlegen,  dass  sich  seine  ausschliessliche  Einfuhrung  an  Stelle  des 
Peptonwassers  empfehlen  wlirde.  Wie  bei  der  Peptonwasseranreiche- 
rung  ist  auch  bei  der  Benutzung  der  Galle  eine  friihzeitige  Unter- 
suchung  nach  etwa  4-6  Stunden  erf orderlich.  Die  Methode  von  Kraus 
hat  sich  nach  Haendel  und  Baerthlein  in  verschiedenen  Fallen  be- 
wahrt  und  gegeniiber  dem  Peptonwasserverfahren  ganz  wesentliche 
Vorteile  gezeigt.  Allerdings  ist5  wie  ja  Kraus  selbst  hervorhebt,  bei 
der  Herstellung  jeder  frischen  Losung  diese  vor  ihrer  endgliltigen 
Verwendung  auf  ihre  Elektivitat  zu  priifen.  Nach  Schiirmann  und 
Abelin  ist  der  Nahrboden  fur  die  Choleradiagnose  nicht  brauchbar, 
da  eine  Anreichung  der  Choleravibrionen  nicht  beobachtet  wurde. 


lAuch  bei  verschiedenen  Epidemien,  z.  B.  in  Apulien,  hat  der  Nahrboden  gute 
Resultate  ergeben  und  er  scheint  sich  besonders  auch  zu  Massenuntersuchungen 
zur  Feststellung  von  Bazillentragern  zu  eignen. 

DISCUSSION. 

Dr.  E.  Libman,  New  York:  Several  years  ago  there  was  intro- 
duced by  two  of  the  assistants  in  the  laboratory  of  the  Mount  Sinai 
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Hospital,  Drs.  Bernstein  and  Epstein,  a  method  by  means  of  which 
it  is  possible  to  have  always  in  hand  blood  ready  for  use  in  cultural 
work.    The  method  is,  in  brief,  the  following : 

Blood  is  obtained  at  the  slaughterhouse  in  flasks  containing  a 
certain  amount  of  formalin  and  of  ammonium  oxalate.  When  this 
is  received  at  the  laboratory  it  is  diluted  with  two  parts  of  salt  solu- 
tion. After  standing  in  the  ice  box  for  24  hours  it  is  ready  for  use. 
One  adds  one-fifteenth  (more  may  be  used)  volume  of  the  blood  to 
an}'  medium.  Bacteria  of  all  kinds  grow  at  least  as  well  on  these 
blood-media  as  on  those  prepared  with  fresh  blood. 

The  blood  remains  bright  red  for  a  varying  length  of  time — after 
three  or  four  weeks.  We  make  a  fresh  supply  every  three  weeks 
and  are  always  ready  for  work  requiring  the  use  of  blood  in  media. 


EGG-AGAR    AS    CULTURE    MEDIUM    EOR    CHOLERA    SPIRILLA. 

Dr.  Charles  Kkumwiede,  Jr.,  Research  Laboratory,  Department  of  Health,  New 

York,  N.  Y. 

In  the  preceding  paper  Dr.  Dieudonne  has  given  a  detailed  account 
of  his  medium  and  the  various  modifications  which  have  been  sug- 
gested. 

During  the  summer  of  1911  we  used  the  original  Dieudonne 
medium  extensively.  Where  examinations  were  being  constantly 
made,  it  seemed  ideal.  Where,  however,  examinations  were  infre- 
quent, it  was  unhandy  because  of  the  difficulties  in  its  preparation. 
The  necessity  of  waiting  overnight  before  the  plates  could  be  used 
was  removed  in  Pilon's  modification.  The  necessity  of  obtaining 
blood  as  a  basis  for  the  medium  still  remained.  This  may  be  very 
inconvenient  to  obtain.  For  this  reason  we  substituted  eggs  as  a  basis 
for  the  medium.     The  resulting  medium  is  made  as  follows : 

A.  Whole  egg  and  water  a.  a.,  sodium  carbonate  cryst.  12  per  cent.     Mix  in 

equal  parts;  steam  in  Arnold  sterilizer  for  20  minutes. 

B.  Meat-free  agar,  viz,  peptone,  1  per  cent ;  salt,  $  per  cent ;  agar,  3  per  cent. 

Mix  A,  30  parts  and  B,  70  parts,  while  the  agar  is  boiling  hot. 
Pour  medium  thick  plates,  allow  them  to  stand  open  for  20  to  30 
minutes  to  dry,  and  inoculate  by  surface  streaking. 

In  making  the  egg  mixture  the  egg  and  water  should  be  thoroughly 
shaken,  the  alkali  added,  and  again  thoroughly  shaken.  The  thicker 
parts  of  the  egg  may  be  removed  by  filtration  through  a  thin  layer 
of  cotton.  The  agar  requires  no  change  of  reaction,  and  need  not 
be  filtered  more  carefully  than  to  remove  the  coarser  particles. 

On  this  medium  the  cholera  colonies  are  distinctive.  Examined  by 
transmitted  light,  they  have  the  appearance  of  being  deep  in  the  agar, 
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and  have  a  peculiar  hazy,  far-away  appearance,  due  to  an  indefinite 
halo  about  the  colony.  When  growth  is  more  vigorous,  viz,  on  longer 
incubation,  this  halo  becomes  surrounded  by  a  zone  of  clearing.  In 
practice,  fishing  from  this  type  of  colony  has  yielded  cholera,  and 
from  this  type  alone.  The  only  exception  is  in  the  case  of  cholera- 
like vibrios  whose  colonies  are  identical.  Comparing  this  medium 
with  the  Dieudonne  medium,  the  latter  is  somewhat  more  selective. 
This  is  more  than  offset  by  the  fact  that  if  growth  of  fecal  bacteria 
should  occur  on  the  egg  medium,  the  presence  of  even  one  cholera 
colony  is  immediately  evident  because  of  its  distinctive  characteristics. 

The  various  blood  media  are  not  completely  selective,  nor  does  the 
cholera  colony  on  any  we  have  tried  approach  in  distinctiveness  the 
colony  as  found  on  the  egg  medium. 

The  advantages  of  the  medium  are  the  prompt  availability  of  the 
ingredients,  the  ease  of  preparation,  and  the  distinctiveness  of  the 
cholera  colonies.  For  infrequent  examinations,  the  first  two  are  of 
great  importance.  As  a  routine  medium  it  is  economical.  Ten  eggs 
are  sufficient  for  over  300  plates. 


THE  USE  OP  CALCIUM  CARBONATE  IN  SOLID  MEDIA  FOR  THE 
DIFFERENTIATION  OF  SUGAR-FERMENTING  BACTERIA,  ESPE- 
CIALLY   OF    THE    COLON-TYPHOID    GROUP. 

Dr.  A.  J.  Bendick,  College  of  Physicians  and  Surgeons,  Columbia  University, 

New  York  City. 

Media  containing  lactose  with  litmus  as  an  indicator  for  acidity 
have  been  extensively  used  for  growing  the  colon  bacillus  and  dif- 
ferentiating it  from  closely  allied  organisms.  This  type  of  medium 
is  well  exemplified  in  Wurtz's  lactose  litumus-agar,  which  consists  of 
a  1  per  cent  lactose-agar  colored  with  litmus.  These  media  have  sev- 
eral defects,  chiefly  due  to  the  rapid  diffusion  of  the  acid,  causing  a 
general  reddening  of  the  adjacent  medium.  This  necessitates  having 
plates  with  few  colonies  and  examining  and  counting  while  the  colo- 
nies are  still  small.  Also  gas  formation  often  occurs,  ruining  the 
plate. 

To  overcome  these  disadvantages,  media  consisting  of  stiffer  agar 
have  been  devised,  on  which  surface  smears  are  made.  This  is  the 
type  of  the  Conradi-Drigalski  medium,  which  consists  of  a  special 
nutrient  3  per  cent  agar,  to  which  crystal  violet  is  added  as  an  inhibi- 
tor for  less  resistant  organisms  than  the  typhoid  bacillus. 

With  the  intention  of  limiting  the  diffusion  of  the  acid  formed 
by  the  splitting  of  the  lactose  I  began  to  experiment  by  adding  various 
alkalies  to  the  medium.  But  such  alkalies  as  NaOH  and  Na2C08, 
when  added  in  sufficient  quantities,  had  a  deleterious  effect  on  many 
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of  the  organisms,  and,  besides,  colored  the  medium  an  intense  blue, 
r  which  completely  masked  the  production  of  alkalies,  which  produc- 
tion is  of  value  in  identifying  typhoid  colonies  and  those  of  the 
organisms  of  putrefaction. 

A  neutral  agar  was  desired  in  which  the  acid  produced  by  the  fer- 
mentation of  the  sugar  would  be  neutralized  in  order  to  prevent  its 
diffusion.  This  result  can  best  be  obtained  by  using  an  insoluble 
alkali  or  alkaline  salt. 

The  simplest  and  most  efficient  of  the  insoluble  alkalies  seems  to  be 
calcium  carbonate — precipitated  chalk.  Being  an  impalpable  pow- 
der, it  is  readily  distributed  through  the  medium,  it  exerts  no  inhibi- 
tion on  the  organisms,  is  readily  obtainable  everywhere,  and  is  inex- 
pensive. Furthermore,  the  chalk,  in  combining  with  the  acid,  is  dis- 
solved ;  hence,  acid-forming  colonies  are  surrounded  by  a  clear  zone. 
This  clearing  of  the  medium  is  a  valuable  aid  in  recognizing  acid- 
forming  colonies. 

The  medium  consists  of : 

Gm.  or  c.  c. 

Agar 15 

Liebig's  extract 5 

Salt 5 

Peptone 10 

Lactose 20 

Calcium   carbonate 4 

Litmus  solution 100 

Water 1,  000 

The  agar,  Liebig's  extract,  salt,  and  peptone  are  dissolved  in  1 
liter  of  water,  either  in  the  autoclave  or  over  the  free  flame.  This 
is  then  cleared  with  the  whites  of  two  eggs  and  filtered  through  cot- 
ton. No  titration  or  adjustment  of  reaction  is  necessary.  The 
medium  should  then  be  flasked,  250  c.  c.  to  a  flask  preferably  of  500 
c.  c.  size.  One  gm.  of  powdered  calcium  carbonate  is  then  added  to 
each  flask,  and  the  whole  sterilized  in  the  autoclave.  Finally,  to 
each  flask  is  added  25  c.  c.  of  Kahlbaum's  aqueous  litmus — according 
to  Kubel  and  Thiemann — (or  an  equal  quantity  of  a  solution  of 
azolithmine)  ;  and  5  gm.  of  chemically  pure  lactose.  Tube  by 
pouring  direct  from  flasks  to  tubes,  keeping  contents  well  mixed. 
Sterilize  in  an  Arnold  sterilizer  for  15  minutes  on  three  consecutive 
days. 

In  using  this  medium  either  surface  smears  may  be  made  on 
plates  or  the  tubes  inoculated  and  poured.  For  most  uses,  the 
poured  plates  give  best  results.  To  obtain  a  uniform  distribution  of 
the  chalk  throughout  the  medium,  the  tubes  should  be  rolled  rapidly 
to  and  fro  between  the  palms  of  one's  hands,  and  then  by  alternately 
depressing  and  raising  the  plugged  end  of  the  tube,  combining  this 
with  a  rotary  motion.     This  mixing  should  be  done  as  soon  as  tubes 
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are  melted  and  while  still  hot.  They  are  then  cooled  to  42°  C.  They 
may  then  be  inoculated  and  poured. 

Inoculated  plates  may  be  incubated  14  to  48  hours  at  37°  C,  or 
from  2  to  5  days  at  room  temperature.  Usually  18  to  24  hours  at 
37°  C.  gives  best  results. 

Acid  production  in  this  medium  is  shown  by : 

1.  Dissolving  of  the  chalk  about  the  colony  due  to  its  combination 
with  the  organic  salts. 

2.  Keddening  of  the  colony  due  to  the  litmus. 

3.  Microscopically,  by  the  deposition  of  crystals  of  the  calcium 
salts  of  the  organic  acids. 

Differentiation  between  colon  and  typhoid  colonies  on  this  medium 
is  readily  made. 

COLON    COLONIES. 

1.  Surface. — These  are  large  disk-shaped  colonies,  slightly  de- 
pressed in  the  media.  There  is  a  variable  amount  of  clearing  about 
them,  due  to  the  solution  of  the  chalk.  The  extent  of  clearing  de- 
pends on  the  length  of  time  the  plates  are  incubated.  Microscopi- 
cally, on  focusing  up  and  down,  the  chalk  is  seen  to  be  dissolved  just 
below  the  colony  and  about  its  periphery.  Crystals  of  the  calcium 
organic  acid  salts  are  usually  seen. 

2.  Deep. — These  are  rounded  or  spindle-shaped,  showing  a  very 
distinct  clearing  of  the  chalk  for  a  considerable  area  about  the 
colony. 

TYPHOID  COLONIES. 

1.  Surface. — These  are  large  white  or  bluish- tinged  colonies  show- 
ing no  clearing  of  the  chalk.  Microscopically,  the  amorphous  gran- 
ules of  the  chalk  are  seen  to  be  both  within  and  about  the  colony. 
No  crystals  of  the  organic  salts  are  present. 

2.  Deep. — These  are  distinct  colonies  lying  embedded  in  the  chalk, 
without  solution  of  the  chalk  occurring. 

For  isolating  the  typhoid  bacillus  from  feces,  sewage,  or  contami- 
nated water  1  per  cent  lactose  and  1  per  cent  saccharose  may  with 
advantage  be  substituted  for  the  2  per  cent  lactose.  Plates  should 
be  incubated  14  to  20  hours  at  37°  C.  Suspected  typhoid  colonies 
should  be  fished  and  inoculated  into  Hiss  tube  media  or  other 
suitable  media  for  identification.  I  have  on  several  tests  isolated 
typhoid  bacilli  direct  from  the  feces  without  enrichment. 

The  advantages  of  this  medium  are : 

1.  Neutralization  of  the  acid  as  it  is  produced. 

(A)  Crowded  or  well-diluted  plates  may  be  used  with  equal  ad- 
vantage. 

(B)  The  period  of  incubation  is  not  limited. 
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(C)  Acid  formation  is  more  clearly  shown  and  its  extent  may  be 
gauged. 

2.  Simplicity  of  the  medium : 

(A)  Stock  meat  extract  may  be  used  by  simply  adding  chalk,  lac- 
tose, and  litmus. 

(B)  The  medium  is  neutral  in  reaction  to  litmus  without  titra- 
tion or  adjustment,  The  acidity  of  meat  extract  is  neutralized  by 
the  chalk,  giving  a  neutral  agar  on  which  slight  alkalinity  or  acidity 
is  readily  shown. 

This  type  of  medium  may  be  used  in  growing  and  identifying  any 
organism  in  which  the  fermentation  of  any  sugar  is  the  base  of  its 
differentiation.  For  some  organisms,  such  as  the  pneumococcus  and 
streptococcus,  meat  infusion  agar  may  be  substituted  for  the  meat 
extract  agar.  Any  of  the  sugars  may  be  used  instead  of  the  lactose. 
The  percentage  of  sugar  may  be  varied  from  1  to  5  per  cent. 


SPECIAL    CULTUJLE   MEDIA    EOS,    PUKE    CULTURE    OE    AMCEBJE 
EOUND  IN   INTESTINES   OE   MAMMALS. 

Anna  W.   WiIliams,   from  the  Division   of   Laboratories    (director,   Wm,   H. 
Park),  Department  of  Health,  New  York  City. 

In  February,  and  again  in  December,  1911,  the  writer  published 
reports  of  growing  amoebae  isolated  from  the  intestines  of  mammals 
on  tissue  culture  media  without  the  presence  of  other  microorganisms. 
So  far  as  the  author  knows,  these  are  the  only  reports  of  growing, 
successively,  strictly  pure  cultures  of  amoebae.  These  pure  cultures 
are  comparatively  easily  obtained.  The  conditions  are,  simply,  strict 
asepsis  in  removing  the  tissues  and  sufficient  controls  in  transplant- 
ing the  cultures  to  be  sure  of  being  rid  of  the  ubiquitous  air  germs, 
of  those  growing  originally  with  the  amoebae,  and,  lastly,  of  those 
sometimes  circulating  in  the  blood  of  the  animals  chosen  for  the  tissue 
media. 

In  carrying  on  the  work  further,  some  interesting  points  have  come 
to  light  in  regard  to  the  life  history  of  these  organisms  which  may  be 
mentioned  now,  though  the  study  is  incomplete.  Only  one  of  the 
strains  of  amoebae  originally  used  has  been  chosen,  and  its  life  cycle 
has  been  studied  in  these  pure  cultures  under  varying  conditions 
(amoeba  11524  from  Manila).  This  culture  is  now  in  its  seventieth 
culture  generation  on  brain  media. 

The  brain  medium  among  the  three  tissue  media  found  suitable — 
i.  e.,  brain,  liver,  and  kidney — seems  to  be  the  best  for  abundant  and 
continuous  growth;  therefore,  this  has  been  used  exclusively  in  the 
further  studies. 
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A  most  important  part  in  regard  to  these  tissue  media  is  that  they 
afford  a  good  opportunity  of  studying  amoebae  in  cultures  under 
conditions  at  least  approaching  some  of  the  more  important  ones 
found  in  the  intestines,  such  as  continued  high  temperature  combined 
with  much  moisture,  some  lack  of  oxygen,  and  the  presence  of  cell- 
division  excitants.  These  conditions  have  apparently  been  little  con- 
sidered by  previous  investigators,  and  not  at  all  by  some  of  the  more 
recent  ones,  in  their  culture  studies,  though  such  conditions  must 
obviously  be  of  marked  influence  in  the  life  history  of  any  protozoan  ; 
and,  if  so,  it  seems  to  the  author  that  to  compare  so-called  strict  para- 
sitic forms,  seen  in  preparation  directly  from  the  intestines  or  tissues 
of  mammal  hosts,  with  culture  forms  grown  under  conditions,  far 
removed  from  those  obtaining  in  these  mammals,  is,  to  say  the  least, 
illogical. 

Until  such  comparative  studies  are  made  the  question  of  the  rela- 
tionship between  the  so-called  strictly  parasitic  and  pathogenic 
amoebae  and  the  so-called  free-living  forms,  among  which  have  been 
included  by  all  of  the  most  recent  writers  the  culture  amoeba,  must 
remain  an  open  one. 

It  is  not  surprising  that  these  writers  have  obtained  only  the 
results  with  their  cultures  that  they  have  reported,  for  they  have 
grown  their  amoebae  on  the  surface  of  more  or  less  rapidly  drying 
agar,  with  one  or  two  varieties  of  bacteria,  at  a  temperature  much 
below  that  of  the  body.  Under  these  conditions  one  would  expect 
the  organisms  to  pass  rather  quickly  into  simple  protective  cysts  con- 
taining one  nucleus  and  showing  few  other  changes.  And  this,  ac- 
cording to  nearly  all  descriptions,  is  just  what  they  do. 

One  investigator,  Latham  (1911),  considered  at  least  some  of  the 
intestinal  conditions  and  he  has  reported  some  suggestive  results 
from  his  culture  experiments.  Briefly,  his  work  is  as  follows:  He 
worked  with  two  culture  strains  which  came  from  Manila  (numbers 
not  designated)  and  which  he  called  Entamoeba  coll.  He  studied  the 
life  cycle  of  these  strains  with  certain  auxetics  (Ross)  or  substances 
supposed  to  be  capable  of  inducing  division  in  living  cells.  He  used 
chiefly  tyrosin,  leucin,  and  skatol.  He  states  that  on  an  alkaline  agar 
medium  containing  0.2  per  cent  tyrosin  a  complete  life  cycle  is  passed 
through  in  about  three  days,  as  compared  with  the  four-days'  cycle  on 
Musgrave  &  Cleggs's  medium.  In  three  days  all  of  the  amoebae  of  a 
given  generation  have  encysted.  Then  a  large  number  of  cysts  pro- 
duce eight  daughter  forms  inside  of  them,  and  the  amoebulae  come 
out  of  their  cysts  and  start  a  new  generation  on  the  same  medium. 
This  has  been  seen  through  five  generations.  This  important  com- 
munication, unfortunately,  does  not  go  into  details,  but,  until  such  a 
time  as  it  may  be  disproved,  it  must  be  regarded  as  evidence  that 
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amoebae  in  cultures  may  show  schizogony  similar  to  that  described 
for  Entamoeba  coli  in  intestinal  contents. 

Now,  as  to  the  original  work.  In  the  first  place,  the  fact  must  be 
emphasized  that  the  strain  of  amceba  used  in  these  studies,  as  well  as 
many  other  culture  strains,  grows  readily,  abundantly,  and  continu- 
ously at  high  temperature  (38°  C).  Whitmore  states  that  he  was 
unable  to  get  his  culture  to  grow  above  26°  C.  Most  other  authors 
simply  say  they  grow  their  cultures  at  room  temperature,  and  the 
others  do  not  mention  temperature.  Growing  Amceba  11524,  then, 
at  continuous  high  temperature  (38°  C.),  with  an  adequate  supply 
of  moisture,  and  in  a  mass  of  brain  tissue  which  supplies  sufficient 
food  and  partial  anaerobiosis,  the  following  results  are  obtained :  In 
the  first  48  hours  the  amoeba?  (planted  from  a  number  of  trophozo- 
ites) grow  and  divide  rapidly.  They  spread  over  the  surface  of  the 
brain  mass  and  penetrate  a  certain  distance  within  it.  Spreads  fixed 
moist  in  Zenker's  fluid,  and  stained  with  Delafield's  hematoxylin  show 
trophozoites  somewhat  similar  to  those  described  for  culture  forms 
by  other  authors,  except  many  more  mitotic  figures  are  seen  if  the 
amoebae  happen  to  be  well  fixed  and  stained.  In  three  days  there 
are  a  number  of  forms  showing  two  fully  developed  nuclei  and  occa- 
sionally one  showing  three;  the  organisms  are  larger  and  may  be 
somewhat  vacuolated,  and  the  chromatin  about  the  periphery  of  the 
nucleus  is  much  larger  in  amount.  In  four  days  there  are  many  very 
large  forms  which  show  two  nuclei,  and  some  three  and  four.  The 
peripheral  nuclear  chromatin  in  some  has  markedly  increased. 
These  forms  are  apparently  in  good  physical  condition,  as  on  sub- 
culture they  seem  to  be  normally  motile,  and  they  divide  in  a  short 
time  into  daughter  amoebae.  A  number  of  forms  have  encysted,  and 
among  these  a  goodly  number  show  two  nuclei.  Even  so  far  we 
find  that  the  results  are  quite  different  from  those  reported  by  Whit- 
more, Walker,  Craig,  and  others  for  their  culture  forms.  They  all 
state  that  the  cysts  in  their  cultures  contain  only  one  nucleus.  In 
five  days,  unless  some  substance  is  added  to  excite  the  amoebae  to 
renewed  growth,  there  are  more  encysted  forms  on  the  surface  of  the 
growth,  while,  a  little  below  the  surface  of  the  brain  mass,  some 
motile  forms  have  begun  to  show  distinct  changes  in  the  nucleus  and 
cytoplasm — the  peripheral  chromatin  appears  to  be  passing  into  the 
cytoplasm,  and  the  caryosome  is  distinctly  smaller.  The  chromatin 
in  the  cytoplasm  appears  to  be  collecting  in  small  masses,  some  about 
the  periphery  of  the  cytoplasm;  such  forms,  as  you  may  see  from 
the  photograph,  present  an  appearance  similar  to  that  described 
from  the  exogenous  sporulation  of  Entamoeba  histolytica.  The  fate 
of  these  various  forms  in  pure  cultures  is"  still  under  observation. 
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Now,  if  to  a  three-day  pure  brain  tissue  culture  some  bacterium 
suitable  for  food  for  the  amoebae  be  added  in  small  enough  amounts 
to  prevent  an  immediate  overgrowth  of  the  bacterium  at  the  high 
temperature  used,  the  amoebae  grow  and  divide  with  marvelous 
rapidity,  and  in  such  cultures  we  find,  in  the  next  two  or  three  days, 
the  majority  of  the  amoebae  containing  two,  three,  and  four  nuclei, 
some  containing  five,  and  a  few  containing  six  nuclei.  Unfortunately 
I  have  not  yet  been  able  to  get  good  photographs  of  these,  partly 
because  these  forms  take  up  the  stain  so  readily  and  partly  because 
the  nuclei  are  often  not  in  the  same  plane.  In  these  cultures  many 
forms  have  large  vacuoles,  and  a  series  of  forms  has  been  observed 
corresponding  to  that  described  by  Schaudinn  and  others  as  autog- 
enous conjugation  in  Entamcvha  coll.  In  these  cultures,  also,  definite 
cysts  containing  four  and  five  nuclei  have  been  found. 

These  observations  are  being  continued.  I  wish  only  to  state  at 
present  that,  so  far,  these  studies  starting  with  pure  cultures  of  an 
ameba  obtained  from  intestines  of  man  have  lead  us  to  the  following 
conclusions : 

1.  That  when  conditions  of  temperature,  anaerobiosis,  moisture, 
and  food  supply  in  certain  culture  amoebae  are  varied,  so  as  to  be 
more  in  accord  with  conditions  found  in  the  intestines  and  tissues  of 
amceba  hosts,  appearances  may  be  produced  which  seem  to  be  similar 
to  many  of  those  described  as  important  in  the  entamoeba  group. 

2.  That  this  fact  opens  up  anew  the  question  of  the  relationship 
between  the  "parasitic  forms"  (Entamoeba)  and  the  "free-living 
forms"  (Amoeba). 

DISCUSSION. 

Capt.  Charles  F.  Craig,  Medical  Corps,  United  States  Army: 
These  observations  of  Dr.  Williams  are  suggestive  and  important 
as  showing  the  effects  of  environment  upon  cultural  amoebae.  How- 
ever, I  do  not  believe  that  they  prove  that  cultural  amoebae  are  enta- 
moebae.  or  true  parasitic  amoeba'.  According  to  her  description  of 
the  morphology  of  this  amoebae  in  the  brain  media,  forms  were  ob- 
served which  resembled  slightly  all  three  entamoebae  of  man — coli, 
histolytica,  and  tetragena.  Of  course,  such  an  observation  as  this 
is  most  confusing  and,  I  believe,  indicates  that  the  developmental 
forms  showing  such  appearances  are  abnormal  and  have  no  relation 
whatever  to  true  parasitic  amoebae.  Practically  all  protozooloists  who 
have  studied  sufficient  material  agree  in  considering  the  cultural  and 
parasitic  amboebae  as  entirely  different,  and  the  modifications  in  struc- 
ture detailed  by  Dr.  Williams  are  not  sufficient  to  prove  that  this 
cultural  amoebae  has  been  transformed  morphologically  into  an  enta- 
moeba*. The  uuclear  structure,  even  in  the  four-nucleated  st;ii2;<\  as 
shown    in   the   photographs,   is  entirely  different   from  the  nuclear 
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structure  of  any  of  the  entamoeba*  and  still  approaches  closely  the 
typical  nuclear  structure  of  the  same  cultural  amoebae  when  grown  on 
Musgrave's  medium. 

However,  I  think  that  Dr.  Williams  should  be  congratulated  upon 
having  succeeded  in  obtaining  pure  cultures  of  amoeba',  certainly  a 
great  step  in  advance  in  the  study  of  this  class  of  organism. 


THE  BACTERIAL  EXAMINATION  OF  WATER. 

By  Edwin   O.   Jordan,   Professor  of  Bacteriology,  University  of  Chicago, 

Chicago,    111. 

When  the  purpose  of  a  bacterial  water  examination  is  to  determine 
the  occurrence,  recency,  or  degree  of  bacterial  contamination  of  a 
potentially  dangerous  character,  it  is  generally  held  that  the  quanti- 
tative estimation  of  B.  coli  furnishes  the  most  satisfactory  evidence. 
Konrich,1  to  be  sure,  in  an  elaborate  critical  summary,  maintains  that 
the  coli  test  is  no  more  than  an  unnecessary  complication  of  the 
older   modes   of   procedure,   but   the   general   experience   of   water 
analysts  with  this  method,  extending  in  this  country  over  20  years, 
is  strongly  in  its  favor.     It  is  true  that  the  presence  of  B>  coli  in 
water  is  not  always  due  to  contamination  with  material  of  human 
origin,  but  many  observers  have  shown  that  the  number  of  colon 
bacilli  in  a  water  does  not  rise  above  a  certain  level — usually  fixed 
as  about  1  per  c.  c. — unless  exposure  to  fecal   contamination  has 
existed.    Savage,2  for  instance,  was  led  by  his  study  of  a  large  num- 
ber of  water  supplies  in  Wales  to  conclude  that  even  in  surface 
waters  exposed  to  animal  contamination  from  adjacent  fields  and 
grazing  grounds  the  ratio  of  B.  coli  is  less  than  1  in  2  c.  c,  unless 
other  sources  of  pollution  exist.    In  the  United  States  the  water  of  the 
Great  Lakes  is  practically  free  from  B.  coli,  even  in  50  and  100  c.  c. 
samples,  except  in  the  immediate  neighborhood  of  human  habitations. 
In  the  vicinity  of  large  cities,  like  Chicago  and  Milwaukee,  a  zone 
of  colon  bacilli  may  extend  at  least  as  far  as  5  or  6  miles  from  shore. 
In  whatever  way  the  presence  and  relative  abundance  of  B.  coli 
in  water  may  be  interpreted  there  can  be  no  doubt  that  the  absence 
of  this  organism  from  quantities  as  large  as  100  c.  c.  gives  more 
direct  and  convincing  evidence  of  the  bacterial  harmlessness  of  the 
water  than  any  other  method,  chemical  or  bacteriological. 

For  the  earliest  recognition  of  the  importance  of  the  quantitative 
estimation  of  B.  coli  in  water,  as  well  as  for  a  practical  numerical 
method,  we  are  indebted  to  Theobald  Smith.  The  fermentation  tube 
method  devised  by  him  in  1892  is  to-day  the  basis  of  some  of  the  most 
widely  used  procedures. 

In  the  course  of  some  water  examinations,  I  have  had  occasion  to 
make  comparative  tests  of  certain  of  the  media  in  current  use  or 
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recommended  for  the  quantitative  estimation  of  B.  coli.  One  that 
has  been  widely  employed  in  this  country  is  the  lactose 'bile  medium. 
An  obvious  advantage  of  this  method  is  the  inhibition  of  a  number 
of  water  bacteria  thought  to  be  nonsignificant,  including  gas- 
producing  bacteria  other  than  B.  coli.  This  facilitates  isolation  of 
B.  coli  and  is  also  asserted  to  give  a  higher  value  to  the  presumptive 
test.  A  disadvantage  apparently  not  so  generally  recognized  is  the 
inhibiting  effect  of  the  bile  upon  genuine  colon  bacilli.  It  is  ad- 
mitted that  the  bile  exerts  some  restraining  effect  upon  the  "  weaker  " 
cells  of  this  species.  The  last  report  of  the  committee  of  the  Ameri- 
can Public  Health  Association  on  "Standard  methods  of  water 
analysis"  (1912,  p.  88),  states  that  "it  has  been  found  that  the 
lactose  bile  medium  is  slightly  inhibitive  to  B.  coli,  especially  in 
attenuated  form."  In  point  of  fact,  inhibition  also  of  freshly 
isolated  strains  of  B.  coli  occurs  to  a  noteworthy  degree.  This  sup- 
pression of  freshly  isolated  fecal  strains  in  pure  culture  on  bile  agar 
has  amounted,  in  my  observations,  to  from  30  to  65  per  cent.  A 
series  of  tests  made  with  lactose  bile  fermentation  tubes  on  fresh 
sewage  in  1 :  100,000  dilutions  has  given  positive  results  in  only  about 
45  per  cent  of  the  samples  in  which  B.  coli  was  present,  using  lactose 
broth  enrichment  tubes,  plating,  and  complete  identification  as  a 
standard.  In  a  word,  the  use  of  the  bile  medium  may  lead  to  the 
suppression  of  at  least  half  of  the  viable  cells  of  B.  coli  present  in 
freshly  isolated  fecal  cultures  and  in  fresh  sewage. 

It  may  be  noted  here  that  an  increased  percentage  of  positive 
results  will  be  obtained  from  lactose  broth,  used  as  an  enrichment 
medium  for  B.  coli,  if  a  number  of  colonies  are  fished  after  plating, 
and  especially  if  the  contents  of  the  fermentation  tube  are  replated 
after  an  initial  negative  result.  In  one  series  of  observations,  made 
on  Lake  Michigan  water,  B.  coli  was  not  infrequently  isolated  on 
replating  from  lactose  fermentation  tubes  which,  in  the  first  trial, 
had  given  negative  results.  Approximately  one-fourth  of  the  tubes 
examined  in  this  way  finally  yielded  typical  B.  coli.  It  is  well 
known  also  that  B.  coli  does  not  always  produce  typical  colonies  on 
litmus  lactose  agar,  and  that  further  identification  kests  are  neces- 
sary. 

I  have  also  used  Endo  medium  for  comparison  with  lactose  broth, 
plating  two  samples,  of  5  c.  c.  each,  direct  in  this  medium,  and  com- 
paring with  ten  1  c.  c.  samples  in  lactose  broth  fermentation  tubes. 
Ninety  cubic  centimeters  of  Lake  Michigan  water,  examined  in  this 
way,  have  yielded,  by  the  lactose  broth  enrichment  method  (plating 
in  litmus  lactose  agar  and  subsequent  identification),  34  cultures  of 
B.  coli  while  the  parallel  samples  on  Endo  medium  have  given  36 
identified  cultures.  Not  all  the  colonies  on  Endo  medium  resem- 
bling typical  B.  roll  prove  to  be  B.  coli  on  further  examination.     Of 
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102  colonies  fished  and  examined,  72  proved  to  be  B.  coli.  Twenty- 
nine  picked  as  negative  were  all  negative.  On  the  other  hand,  12 
out  of  61  colonies  picked  as  doubtfully  resembling  B.  coli  turned 
out  to  be  characteristic  B.  coli.  As  a  presumptive  test,  therefore, 
simple  enumeration  of  the  colonlike  colonies  on  Endo  plates  is  no 
more  reliable  than  the  lactose  bile  or  lactose  broth  methods.  In  this 
respect  my  experience  agrees  with  that  of  Frost 3  rather  than  that  of 
Schiirer.4 

In  general,  it  would  seem  that  a  plating  method  would  be  prefer- 
able to  a  dilution  method.  The  Endo  medium  is  much  more  valu- 
able for  direct  plating  than  litmus  lactose  agar,  since  overgrowth 
occurs  but  seldom,  and  the  colony  differentiation  is  sharper.  In  an 
attempt  to  combine  these  advantages  with  rapid  identification,  I 
have  obtained  excellent  results  by  picking  colilike  colonies  from 
the  Endo  medium,  and  transferring  to  Russell's  medium  and  gelatin. 
Nearly  all  colonies  giving  a  positive  reaction  in  Russell's  medium  are 
typical  for  B.  coli  in  gelatin,  but  a  few  of  uncertain  systematic  posi- 
tion (8  in  116)  liquefy  gelatin.  As  already  stated,  some  of  the 
colonies  on  Endo  medium,  that  are  unlike  B.  coli,  or  that  doubtfully 
resemble  the  latter,  yield  positive  reactions  when  transferred,  but 
further  investigations  should  permit  a  pretty  accurate  estimation 
of  the  proportion  of  such  forms. 

To  summarize  briefly :  Bile  media  are  not  properly  selective,  since 
a  considerable  and  varying  proportion  of  the  cells  of  B.  coli  do  not 
develop  in  them.  This  is  true  not  only  of  media,  to  which  natural 
bile  is  added,  but  also,  although  to  a  lesser  degree,  of  media  such  as 
MacConkey's,  which  contain  the  purified  bile  salts.  Simple  lactose 
broth  in  fermentation  tubes,  although  not  open  to  objection  on  this 
score,  permits  the  development  of  so  many  gas-producing  bacteria 
of  uncertain  sanitary  significance  that  plating  out  and  identifica- 
tion will  generally  be  considerd  necessary.  Direct  plating  on  Endo 
medium  allows  the  use  of  #f airly  large  amounts  of  water,  does  not 
inhibit  any  viable  cells  (so  far  as  comparison  with  ordinary  nutrient 
agar  indicates),  and  leads  to  characteristic  colony  formation  in  the 
great  majority  of  cases.  Transfer  of  selected  colonies  to  Russell's 
medium  and  gelatin  permits  a  fairly  rapid  and  complete  identifica- 
tion. Compared  with  the  more  roundabout  and  time-consuming 
method  of  enrichment  in  lactose  broth  and  subsequent  plating,  the 
procedure  here  outlined  gives  almost  exactly  the  same  proportion 
of  positive  results,  and  is  simpler  and  quicker. 

'Klin.  Jahrb.,  1910,  23,  p.  1. 
2  Jour,  of  Hyg.,  1902,  2,  p.  320. 

8  Bull.  No.  78,  Hyg.  Lab.,  U.   S.  Pub.  Health  and  Mar.  Hosp.   Service,  pp. 
73-134. 
4  Ueber  den  Nachweis  des  B.  coli  iin  Flusswasser,  Inaug.  Diss.,  Gottingen,  1910. 
66692— vol  2,  pt  1—13 i 
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DISCISSION. 

Prof.  Dr.  Gartner  (Jena)  sagt,  dass  in  Deutschland  noch  immer 
die  Untersuchung  der  Lokalitat  an  erster  Stelle  stehe.  Die  Abwesen- 
heit  von  Colibacillis  gibt  nur  an,  dass  zu  Zeit  keine  Infections- 
gefahr  vorliegt,  aber  sie  sagt  nichts  ftir  die  Zukunft.  Ausserdem  ist 
das  atypische  Coli  ebenso  haufig  im  Darm  von  Menschen  und  Tieren 
vorhanden  als  das  typische.  Das  Bact.  coli  hat  in  manchen  Fallen 
eine  grosse  Bedeutung,  in  anderen  nicht. 

Dr.  F.  L.  Rector  (Brooklyn,  N.  Y.).  During  the  past  year  some 
work  has  been  done  in  my  laboratory,  using  a  medium  of  dried  ox- 
bile  peptone,  lactose  agar,  and  neutral  red.  This  is  used  in  direct 
planting  work,  and  on  this  medium  the  colon  shows  as  a  distinct 
purplish  red  colony,  the  color  shading  off  into  the  denser  medium. 
Streptococci  may  show  red,  but  their  colonies  are  not  so  large,  nor  is 
the  characteristic  color  present.  In  using  this  medium  as  a  check  with 
litmus  lactose  agar,  it  was  found  that  55  or  60  per  cent  of  the  colonies 
isolated,  not  all  of  which  were  characteristic,  proved  to  be  colon,  while 
only  18.5  per  cent  of  those  on  litmus  lactose  agar  were  colon. 

E.  O.  Jordan.  I  think  there  can  be  no  difference  of  opinion  on  the 
point  raised  by  Prof.  Gartner.  In  passing  judgment  on  the  char- 
acter of  a  water-supply  knowledge  of  the  environmental  condition  is 
essential.  Often  examination  of  the  local  surroundings  gives  all  the 
information  needed.  It  is  not  necessary  to  analyze  a  river  water  to 
determine  whether  it  is  polluted  with  sewage  if  one  can  see  the  sew- 
age flowing  into  it.  Under  some  conditions,  however,  analytical  evi- 
dence is  an  important  aid.  It  is  sometimes  uncertain,  from  simple 
local  inspection,  whether  a  water-supply  is  or  is  not  contaminated; 
the  degree  of  self-purification  occurring  in  a  flowing  stream  can  not  be 
determined  by  inspection  alone ;  in  the  Great  Lakes,  mere  ocular  ex- 
amination can  not  determine  the  distance  from  shore  to  which  danger- 
ous contamination  may  extend.  There  are  conditions,  then,  when 
bacterial  examination  may  aid  in  forming  judgment  as  to  the  char- 
acter of  a  water.  Such  bacterial  examinations  can  not  replace  the 
environmental  inspection;  they  presuppose  it. 

Dr.  Wm.  H.  Park.  The  practice  in  America  is  nearly  in  accord  with 
the  opinions  of  Prof.  Gartner.  In  New  York  City  the  description 
of  the  source  of  the  water  supply  is  always  considered  together  with 
the  chemical  and  bacterial  examination.  In  surface  waters  a  number 
of  colon  bacilli  might  not  be  considered  very  suspicious,  while  in 
well  or  spring  water  the  same  number  would  be  very  significant. 
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CULTIVATION  OF  MALARIAL  PLASMODIA   IN   VITRO. 

Prof.  C.  C.  Bass,  Laboratory  of  Tropical  Medicine  and  Hygiene,  Medical  Depart** 
ment,  Tulane  University,  New  Orleans,  La. 

This  was  a  stereopticon  demonstration.  A  paper  discussing  the 
technique  for  the  cultivation  of  malarial  plasmodia  was  published  by 
Drs.  C.  C.  Bass  and  Foster  M.  John's,  in  the  Journal  of  Experimental 
Medicine,  Volume  XVI.  No.  4,  1912. 

DISCUSSION. 

Capt.  Chas.  F.  Craig,  Medical  Corps,  United  States  Army: 
When  I  first  read  of  the  cultivation  of  the  malarial  plasmodia  by 
Dr.  Bass,  I  am  frank  to  say  that  I  was  very  skeptical,  but  withou£ 
my  requesting  them,  the  doctor  very  kindly  sent  me  a  complete  set 
of  stained  preparations  containing  examples  of  the  complete 
schizogamy  of  the  sestivo-autunmal  plasmodinm,  and  I  am  prepared 
to  state  that  he  has  undoubtedly  grown  them  through  one  generation, 
and  in  my  preparations  another  generation  was  apparently  beginning. 

I  believe  that  the  successful  cultivation  of  the  malarial  plasmodia 
will  greatly  aid  us  in  the  elucidation  of  many  still  unsolved  problems 
connected  with  these  parasites.  It  should  be  of  great  value  in  the 
study  of  species  and  perhaps  will  settle  once  and  for  all  time  the 
question  of  the  occurrence  of  a  quotidian  and  tertian  sestivo-autumnal 
Plasmodium,  which  is  still  a  matter  of  controversy  among  students  of 
malarial  disease.  The  early  development  of  the  gametes  and  the 
actual  form  of  the  parasites  which  cause  long-term  relapses,  may 
possibly  be  studied  in  these  cultures,  for  it  is  reasonable  to  suppose 
that  latent  or  resistant  forms  would  develop  even  more  numerously 
in  such  cultures  than  in  the  patient's  blood.  In  this  way  we  may  be 
able  to  decide  whether  parthenogenesis,  intracorpuscular  conjugation, 
or  the  development  of  the  plasmodiei  in  small  numbers  is  responsible 
for  relapse.  The  method  should  be  of  great  value  for  teaching  pur- 
poses, as  in  this  way  it  will  be  possible  to  supply  classes  with  malarial 
preparations,  even  in  regions  where  the  disease  does  not  occur.  It  is 
needless  to  say  that  if  these  parasites  can  be  cultivated  through  many 
generations,  great  therapeutic  results  may  be  obtained  by  testing  the 
effect  upon  the  cultures  of  various  remedial  agents,  and  in  this  way 
we  may  be  able  to  discover  a  specific  for  malaria  more  efficient  and 
less  disagreeable  than  quinine. 

I  was  specially  impressed  with  the  fact  that  in  the  culture  the 
polymorphonouclear  leucocytes  were  phagocytic,  for  in  actual  mala- 
rial infection  it  is  generally  the  monouclear  leucocytes  that  are  most 
phagocytic. 


TUESDAY  AFTERNOON,  SEPTEMBER  24,  1912. 

A  CRITICAL  REVIEW  OF  THE  BACTERIOLOGY  OF  HUMAN  LEPROSY 
(WITH  SPECIAL  REFERENCE  TO  THE  CHROMOGENIC  AND  NON- 
CHROMOGENIC  ACID-FAST  STRAINS). 

Charles  W.  Duval,  M.  D.,  Tulane  University,  New  Orleans,  La. 

(From  the  laboratories  of  Pathology  and  Bacteriology.) 

Since  the  discovery  by  Hansen  in  1872  of  an  acid-fast  bacillus  in 
the  leprous  lesion  to  which  he  ascribed  an  etiological  role,  numerous 
investigators  have  reported  success  with  its  artificial  cultivation.  It 
may  be  stated,  however,  that  many  of  the  cultures  which  have  been 
isolated  and  described  by  various  workers  so  differ  in  their  acid-fast 
property  and  their  morphological  features  from  the  Hansen  bacillus 
of  the  tissues  that  no  one  of  them  has  been  universally  accepted  as 
the  specific  organism  of  leprosy,  although  many  of  these  cultures  are 
said  to  have  induced  experimental  lesions  similar  to  human  leprosy. 

A  review  of  the  literature  would  seem  to  show  that  three,  and  pos- 
sibly four,  apparently  different  germs  have  been  cultivated  from  the 
leprous  lesion  and  described  as  the  casual  agent  of  the  disease, 
namely:  (1)  A  non-acid-fast  streptothrix  which  becomes  acid 
fast  by  passage  through  the  rat  (Kedrowski),  (2)  an  acid-fast 
chromogenic  bacillus  (Clegg),  (3)  a  chromogenic  non-acid-fast  and 
acid-fast  streptothrix  (Koss  and  Williams),  and  (4)  an  acid-fast 
nonchromogenic  bacillus  which  grows  in  vitro  only  in  the  presence 
of  the  amino  acids  (Duval). 

In  the  experience  of  the  author  two  types  of  acid-fast  organisms 
may  be  cultivated  from  the  leprous  lesion  which  have  distinct  charac- 
teristics— one,  an  extremely  pleomorphic  bacillus,  variable  in  its 
ability  to  retain  the  stain  after  the  ordinary  methods  of  decoloriza- 
tion,  and  multiplies  profusely  on  all  media  as  a  moist  lemon  or 
orange-colored  growth;  the  other,  a  permanently  acid-fast  bacillus, 
which  grows  only  upon  special  foodstuffs  and  apparently  does  not 
produce  pigment.  These  two  types  probably  include  many  of  the 
cultures  which  have  been  described  from  time  to  time  as  the  leprosy 
organism,  since  the  chromogenic  variety  is  often  a  non-acid-fast 
diphtheroid,  streptothrix,  etc.,  depending  upon  growth  conditions.1 
These  tinctorial  and  morphological  variations  of  the  pigment  pro- 
52 


Duval.]  BACTERIOLOGY   OF    HUMAN    LEPROSY.  53 

ducer  might  account  for  the  bewildering  number  of  "  stages  "  for 
the  Hansen  bacillus  of  some  European  writers. 

Kedrowski's  organism,  which  he  cultivated  from  the  leprous  nodule 
and  regarded  as  the  specific  bacillus  of  leprosy,  he  describes  as  a  non- 
acid-fast  streptothrix,  which  becomes  permanently  acid  fast  after  a 
sojourn  for  several  weeks  in  the  tissues  of  the  rat.  He  advances  the 
theory  that  the  acid-fast  rods  seen  in  human  leprosy  represent  but  a 
stage  in  the  developmental  cycle  of  a  single  pleomorphic  species. 

More  recently  Bayon3  described  a  non-acid-fast  diphtheroid  which 
he  obtained  from  a  leper  that  behaved  in  a  manner  similar  to 
Kedrowski's  culture ;  i.  e.,  the  initial  growth  from  the  human  tissues 
was  non-acid  fast  until  passed  through  the  rat,  after  which  it 
changed  into  an  acid-fast  bacillus.  He  concludes  that  not  only 
is  his  culture  identical  with  Kedrowski's,  but  also  that  it  is  the 
cause  of  human  leprosy,  basing  his  argument  upon  specific  reac- 
tions obtained  with  human  leper  serum  and  also  upon  the  production 
of  lesions  in  the  laboratory  animal.  It  is  reasonable  to  suppose  that 
Kedrowski  and  Bayon  were  dealing  in  the  beginning  with  a  mixed 
culture  which  became  purified  by  animal  passage,  thus  accounting 
for  the  disappearance  of  the  pleomorphic  non-acid-fast  forms  after 
the  culture  was  recovered  from  the  tissue  of  the  experimental  animal. 
The  non-acid-fast  diphtheroid  and  streptothrical  forms,  which  were 
present  in  their  original  cultures  from  the  human  tissue,  can  be 
accounted  for  in  no  other  way. 

Though  I  have  not  compared  Kedrowski's  acid-fast  organism  with 
my  nonchromogenic  strain,  it  is  possible  that  they  are  the  same, 
since  the  isolation  and  cultivation  of  both  were  obtained  with  the 
products  of  tryptic  digestion.  Kedrowski  used  these  nutrients,  with- 
out apparently  knowing  it,  in  the  form  of  placental  extract,  because 
he  does  not  mention  why  he  used  placenta  in  preference  to  other 
media,  or  that  it  contains  the  amino  acids.  Whether  Kedrowski's 
organism,  since  it  has  become  permanently  acid  fast,  is  identical  with 
my  nonchromogenic  strain  can  be  determined,  of  course,  by  a  com- 
parative study  of  the  cultures. 

In  regard  to  the  chrome-producing  organisms  which  have  been 
isolated  from  the  leprous  lesion  and  thought  to  be  of  etiological  sig- 
nificance, Clegg's4  culture  is  perhaps  the  most  important.  He  an- 
nounced his  success  in  the  cultivation  of  a  chromogenic  bacillus  which 
he  obtained  from  the  specific  lesion  in  a  large  series  of  lepers  in 
the  Philippines.  Multiplication  in  each  instance  occurred  in  the 
transferred  tissue  bits  when  planted  with  amoeba?  and  their  symbionts, 
and  pure  cultures  were  subsequently  secured  on  the  ordinary  labora- 
tory media  as  a  moist,  profuse,  yellowT  pigmented  growth,  by  heating 
at  60°  C.  for  30  minutes  to  kill  out  the  symbionts. 
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Ross  and  Williams 5  have  also  reported  upon  the  successful  cultiva- 
tion from  the  leprous  nodule  of  an  organism  similar  to  that  of  Clegg's, 
together  with  which  they  found  streptothrical  forms  and  acid- 
fast  diphtheroids. 

Still  other  chromogenic  cultures  similar  to  Clegg's  have  been  culti- 
vated from  the  leper  by  Duval6  in  Louisiana,  Brinkerhoff,  and 
Currie 7  in  Hawaii,  Rivas 8  in  Philadelphia,  Thompson 9  in  Australia, 
and  Wellman  8  in  California. 

I  have  compared  the  original  chromogenic  culture  of  Clegg  with 
those  isolated  independently  by  other  workers,  and  have  found  them 
identical,  except  the  Ross  and  Williams  strain.  Careful  serological 
tests  with  immune  sera  tend  to  show  that  they  are  all  closely  related. 
Furthermore,  the  serum  tests  prove  conclusively  that  these  chromo- 
genic cultures  are  not  related  to  the  nonchromogenic  strain  culti- 
vated from  the  leprous  lesion  by  me  in  1910 ; 10  in  other  words,  they 
are  distinct  species. 

In  a  previous  paper 1X  I  regarded  the  nonchromogenic  and  chromo- 
genic cultures  as  one  and  the  same  organism;  attributing  the  subse- 
quent alteration  in  morphology  of  the  culture,  its  increased  rate  of 
growth  and  production  of  pigment,  as  within  the  possibilities  of  a 
species  which  had  become  adapted  to  an  artificial  environment. 
The  lesions  which  were  induced  in  the  monkey  with  the  chromo- 
genic culture  seemed  further  proof  of  its  specificity,  because  they 
were  indistinguishable  from  the  human  lesion.  However,  I  have 
since  determined  that  lesions  similar  to  leprosy  can  also  be  induced 
in  this  animal  with  many  of  the  well-known  saprophytic  acid-fast 
species. 

That  the  chromogenic  strain  exists  in  the  lesion  of  certain  types 
of  leprosy,  there  can  be  no  doubt,  even  where  the  overlying  skin  is 
apparently  intact,  and  also  in  the  internal  organs  at  autopsy.  Again, 
the  chromogenic  species  is  also  the  predominating  organism  in  the 
leprous  abscess,  and  undoubtedly  accounts  for  the  orange-yellow  color 
so  characteristic  of  the  pus  from  this  type  of  lesion.  Of  course,  it  is 
well  known  how  ubiquitous  are  the  saprophytic  acid-fast  species,  it 
being  possible  to  isolate  them  from  almost  any  source.  Their  occa- 
sional occurrence,  therefore,  in  the  open-skin  lesion  of  leprosy  is  to 
be  expected,  but  to  find  them  so  frequently  is  difficult  to  understand, 
if  we  accept  that  they  are  in  no  way  concerned  in  the  disease. 

As  stated  in  a  former  publication,11  the  chromogenic  variety  has 
been  cultivated  from  14  out  of  29  cases  of  leprosy  in  Louisiana;  while 
the  nonchromogenic  strain  was  recovered  from  8  cases.  Since  it  is 
more  difficult  to  cultivate  the  nonchromogenic  species,  especially 
where  the  two  exist  in  the  lesion,  this  probably  accounts  for  the 
larger  percentage  of  case-  yielding  the  chromogenic  variety.    Further- 
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more,  the  subplants  of  the  chromogen  remain  for  many  generations 
within  the  morphological  variations  and  staining  properties  of  the 
nonchromogenic  type,  which  would  not  lead  one  to  suspect  that  he 
was  dealing  with  two  distinct  species  of  acid-fasts. 

Prior  to  1910,  all  the  attempts  to  cultivate  the  Hansen  bacillus 
through^  successive  generations  were  carried  out  upon  media  contain- 
ing the  whole  protein.  That  the  initial  multiplication  of  the  leprosy 
bacillus  in  removed  tissue  bits  has  been  obtained  by  a  number  of 
workers  there  can  be  no  doubt.  The  failure  has  been  to  perpetuate 
the  culture  through  any  number  of  generations. 

The  relationship  of  the  leprosy  organism  to  the  tissue  cells  in  vivo, 
and  its  ability  to  multiply  in  digested  pieces  of  excised  leprous  tissue, 
explains,  in  my  opinion,  its  failure  to  grow  outside  of  the  animal 
body  upon  a  medium  which  does  not  contain  the  products  of  tryptic 
digestion.  It  also  explains  why  transplants  from  a  culture  which 
contains  both  the  chromogen  and  nonchromogen  to  ordinary  media 
have  resulted  ultimately  in  the  growth  of  the  pigment  producer ;  the 
nonchromogenic  type,  or  true  Hansen  bacillus,  which  I  believe  it  is, 
failing  to  multiply  as  soon  as  removed  from  the  amino-acid  nutrient. 

Experiments  with  the  amino-acids 10  as  a  culture  medium,  and  the 
behavior  of  B.  leprae  in  digested  bits  of  leprous  tissue,  establishes 
the  fact  that  the  organism  requires  the  products  of  tryptic  digestion 
for  assimilation,  and  is  unable  to  attack  and  break  down  the  whole 
protein.  Where  multiplication  has  been  noted,  the  medium  un- 
doubtedly contained  these  important  nutrients.  Practically  in  all 
my  successful  attempts  to  cultivate  the  specific  organism,  the  trans- 
ferred pieces  of  the  leprous  tissue  were  responsible  for  the  growth. 
Multiplication  occured  whenever,  for  one  cause  or  another,  the 
tissue  underwent  digestion,  and,  conversely,  did  not  occur  if  the 
tissue  protein  remained  unaltered  short  of  amino-acid  dissociation. 
Usually  the  digestion  was  due  to  the  action  of  some  contaminating 
microorganism.  I  have  repeatedly  shown  this  to  be  the  case  by  pur- 
posely adding  to  the  removed  bits  of  leprous  nodle  some  one  of  the 
protein-splitting  bacteria,  and  almost  without  exception  the  acid- 
fast  rods  have  multiplied  as  soon  as  digestion  was  well  advanced. 

SUMMARY. 

The  various  acid-fast  cultures  which  may  be  cultivated  from  the 
human  leprous  lesion  fall  into  two  groups:  (*)  A  nonchromogenic 
bacillus,  cultivated  with  difficulty,  and  growing  in  vitro  only  upon 
special  foodstuffs,  (2)  a  pigment  producing  pleomorphic  organism, 
which  is  likewise  difficult  to  cultivate  through  the  first  generations, 
but  subsequently  multiplies  readily  on  all  merlin. 
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Under  certain  conditions  the  individual  bacilli  of  the  chromogenic 
species  are  diphtheroid,  streptothrical,  and  nonacid  fast,  while  those 
of  the  nonchromogenic  species  are  always  acid  fast  and  maintain  in 
general  the  morphological  variations  common  for  the  tubercle  family. 

Serological  tests  differentiate  between  these  two  acid-fast  types  and 
indicate  that  the  slow-growing  nonchromogenic  variety  is  the  etio- 
logical factor  in  human  leprosy,  and  that  the  chromogenic  strain 
belongs  to  the  group  of  saprophytic  acid-fast  bacteria. 

Since  we  frequently  encounter  in  the  leprous  lesion  diphtheroidal, 
streptothrical,  and  other  forms  of  saprophytic  species  capable  of 
changing  in  vitro  under  defined  conditions,  it  is  easy  to  explain  the 
u  stages  "  described  by  Kedrowski  and  also  Bayon  in  the  develop- 
mental cycle  of  the  Hansen  bacillus. 

I  believe  that  the  specific  organism  of  leprosy  in  culture  as  well  as 
in  vivo  is  nonchromogenic,  acid  fast,  and  thus  far  has  been  cultivated 
in  vitro  only  upon  an  amino-acid  medium. 

1  Jour.  Infec.  Diseases,  1912,  XI,  p.  116. 

2  Ztschr.  f.  Hyg.  u.  Infectionskr,  1901,  37,  p.  52. 
8  Tr.  Soc.  Trop.  Med.  &  Hyg.  1912,  5,  p.  158.  . 

*  Philippine  Jour.  Sc.  1909,  4,  p.  403. 

8  Scientific  Memoirs  of  the  Government  of  India,  1911,  42,  p.  1. 

8  Jour.  Exper.  Med.  1912,  15,  p.  292. 

7  U.  S.  Government  Reports,  1910. 

8  Personal  communication. 
•Australian  Med.  Gazette,  1912,  31,  p.  209. 
10  Jour.  Exper.  Med.,  1910,  12,  p.  649. 
uJour.  Exper.  Med.,  1912. 

DISCUSSION. 

Prof.  Creighton  Wellman,  New  Orleans :  I  wish  to  call  attention 
to  the  success  obtained  by  us  in  New  Orleans  using  the  placental- 
extract-agar  devised  by  myself  as  a  medium  for  the  cultivation  of 
strictly  parasitic  or  feebly  saprophytic  bacteria.  When  I  first  de- 
vised this  medium,  I  thought  that  the  idea  was  a  complete  novelty. 
I  have  learned  since,  however,  that  Kedrowski  suggested  in  1902  the 
use  of  placental  juice,  although  my  medium  and  its  method  of  prepa- 
ration is  very  different  from  his  original  suggestion.  In  conclusion, 
I  wish  to  say  that  we  in  New  Orleans  at  present  hold  that  careful 
consideration  is  due  the  nonchromogenic  acid-fast  leprosy  organism, 
discussed  in  the  paper  just  read. 


Wollstein.]  INFLUENZAL   MENINGITIS.  57 

INFLUENZAL   MENINGITIS,   EXPERIMENTAL   AND   CLINICAL. 

Martha    Woi.f.st;;!.\,   m.   D.,   Rockefeller  Institute   for   Medical   Research, 

New  York  City. 

The  more  general  use  of  lumbar  puncture  has  made  it  evident  that 
influenzal  meningitis  is  a  distinct  and  not  infrequent  form  of  sero- 
purulent  inflammation  of  the  cerebrospinal  meninges.  Its  clinical 
picture  is  indistinguishable  from  the  meningococcal  and  pneumo- 
coccal forms  of  meningitis,  and  it  is  only  by  cultural  demonstration 
of  B.  influenzae  in  the  fluid  obtained  by  lumbar  puncture  that  the 
diagnosis  can  be  positively  made.  The  mortality  rate  of  influenzal 
meningitis  is  very  high,  only  7  patients  having  recovered  from  among 
G2  pure  cases  reported  in  the  literature. 

Influenzal  meningitis  is  more  frequent  and  more  fatal  among  in- 
fants and  children  than  it  is  among  adults.  Of  the  7  recovered  cases, 
only  2  were  infants  less  than  1  year  old,  though  there  have  been  35 
cases  recorded  in  babies  of  that  age.  One  of  5  recorded  adult  cases 
ended  in  recovery. 

It  has  been  pointed  out  in  a  previous  paper1  that  the  disease  some- 
times follows  upon  undoubted  influenzal  disease  of  the  respiratory 
tract,  and  sometimes  develops  independently  of  obvious  disease  of 
that  tract.  Since  the  influenza  bacillus  is  often  present  in  the  secre- 
tions of  the  respiratory  mucous  membrane  in  children  suffering  from 
a  variety  of  diseases,  during  the  wide  prevalence  of  influenza,  it  is 
probable  that  the  infection  of  the  meninges  is  always  secondary  to 
respiratory  infection  and  is  accomplished  chiefly  through  the  blood 
current.  Direct  infection  from  the  nose  can  not  be  excluded  and 
should  be  considered  as  a  possibility.  The  probability  of  an  ascend- 
ing infection  of  the  meninges  from  the  nasal  mucosa  is  supported  by 
the  observation  that,  in  monkeys,  the  influenza  bacillus  appears  in 
the  nasal  mucus  after  being  injected  into  the  subdural  space  of  the 
spinal  canal  by  lumbar  puncture.  However,  all  or  nearly  all  cases 
of  spontaneous  influenzal  meningitis  in  human  beings  are  examples 
of  influenzal  bacteremia,  since  the  bacilli  have  been  cultivated  in 
large  numbers,  before  and  after  death,  from  the  heart's  blood.  The 
same  general  fact  is  true  of  experimental  influenzal  meningitis  in  the 
monkey.  When  the  condition  is  produced  by  means  of  a  subdural 
injection  of  a  virulent  culture,  the  bacilli  can  be  cultivated  during 
life  and,  at  autopsy,  from  the  heart's  blood. 

EXPERIMENTAL   INFLUENZAL    MENINGITIS. 

We  have  succeeded  in  producing  a  condition  of  acute  meningitis 
in  monkeys  that  resembles,  both  clinically  and  pathologically,  the 
spontaneous  disease  as  it  occurs  in  human  beings.    But  only  virulent 
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strains  of  B.  influenzce  can  be  used  to  produce  such  an  experimental 
meningitis,  the  virulence  being  tested  upon  white  mice,  guinea  pigs, 
and  rabbits.  Influenza  bacilli  isolated  from  the  respiratory  organs 
during  life  or  after  death  are,  as  a  rule,  virulent  for  mice  and  guinea 
pigs.  Of  TO  strains  so  tested,  only  4  have  been  found  to  be  devoid  of 
all  virulence.  The  case  is  quite  different  for  the  rabbit,  since  only 
four  strains  derived  from  the  lungs  showed  virulence  for  these  animals, 
and  in  the  human  patients  from  whom  three  of  these  strains  were 
obtained,  a  blood  invasion  by  the  bacilli  had  taken  place.  The  fourth 
strain  was  grown  in  pure  culture  at  autopsy  from  a  lung  which 
showed  the  lesion  of  influenzal  broncho-pneumonia,  the  blood  remain- 
ing sterile.  The  significance  of  these  facts  will  be  discussed  later. 
They  are  here  used  to  contrast  the  virulence  of  the  respiratory  strains 
with  that  of  the  meningeal  strains  of  influenza  bacilli,  bringing  out 
the  point  that  while  all  the  meningeal  strains  except  one  (nine  in 
number)  tested  upon  young  rabbits  proved  to  be  virulent,  a  few 
respiratory  strains  were  found  to  be  just  as  virulent  for  these  animals. 
Furthermore,  so  far  as  our  experiments  went,  it  was  found,  in  a 
general  way,  that  bacilli  that  were  virulent  for  rabbits  also  proved 
to  be  virulent  for  monkeys,  and  vice  versa. 

In  the  monkeys  experimented  on  the  effects  of  the  subdural  injec- 
tion of  an  effective  dose  of  a  virulent  influenza  culture  make  them- 
selves manifest  in  about  five  hours  after  inoculation.  The  first 
noticeable  effect  is  a  disinclination  to  move  about  actively,  although 
the  monkey  may  not  show  severe  symptoms  for  12  or  even  24  hours. 
Death  may  result  as  early  as  36  hours  after  the  inoculation  or  it  may 
be  delayed  for  three  or  four  days. 

TREATMENT  WITH   ANTI-INFEUENZAL   IMMUNE   SERUM. 

Having  produced  influenzal  meningitis  in  monkeys,  the  next  step 
was  the  attempt  to  treat  it.  For  this  purpose  an  anti-influenzal 
serum  from  a  goat,  immunized  by  means  of  the  injection  of  virulent 
strains  of  influenza  bacilli  during  a  period  of  18  months,  was  avail- 
able. Injections  of  this  immune  serum,  made  at  intervals  varying 
from  1  to  24  hours  after  the  introduction  of  the  bacilli  into  the 
subdural  space,  cured  monkeys  after  very  severe  illness. 

The  serum  is  not  bacteriolytic  in  its  action,  but  its  opsonic  content 
is  very  high.  As  a  result  of  the  serum  injection  the  influenza  bacilli 
in  the  cerebrospinal  fluid  are  more  freely  phagocyted,  their  number 
is  reduced,  their  capacity  of  growth  is  diminished,  and  the  eruption 
into  the  blood  is  arrested.  Along  with  these  effects  go  cessation  of 
the  local  inflammatory  process  and  progressive  improvement  in  the 
clinical  symptoms,  usually  followed  by  rapid  restoration  to  health. 


* 
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HUMAN  CASES  TREATED. 

Three  human  cases  of  influenzal  meningitis  have  been  treated  with 
the  anti-influenzal  serum.2  The  first  was  an  infant  3  months  old,  a 
patient  at  the  Nursery  and  Child's  Hospital,  who  developed  symp- 
toms of  meningitis  after  an  attack  of  rhinitis,  bronchitis,  and  otitis 
which  had  persisted  for  several  weeks.  On  the  third  day  of  the 
attack  of  meningitis  8  cubic  centimeters  of  anti-influenzal  serum  was 
injected  into  the  spinal  canal.  In  the  next  24  hours  there  was  a  fall 
in  temperature  and  an  improvement  in  the  general  condition.  The 
following  morning  15  cubic  centimeters  of  the  serum  wTere  injected, 
and  within  15  minutes  the  baby  collapsed  and  died  in  spite  of  heroic 
attempts  at  stimulation.  While  care  had  been  taken  to  inject  a 
smaller  amount  of  fluid  than  had  been  withdrawn,  the  effect  on  the 
blood  pressure  of  so  young  a  child  was  evidently  more  .serious  than 
was  indicated  by  the  pulse  and  respiration.  Had  Sophian's  method 
of  watching  the  blood  pressure  been  employed  in  this  case,  the  col- 
lapse would  probably  not  have  occurred.  Pure  cultures  of  B.  influ- 
enzae were  grown  from  the  cerebrospinal  fluid  and  from  the  pus  of 
the  middle  ear,  while  the  bacilli  were  also  present  in  the  nose  and 
throat. 

The  second  case  came  under  the  observation  of  Dr.  C.  H.  Dunn,  of 
Boston.  A  girl  of  4  years  had  had  symptoms  of  irritability  and 
headache  for  two  weeks  before  convulsive  twitchings  began.  Two 
days  later,  the  diagnosis  having  been  established  bacteriologically, 
anti-influenzal  serum  was  injected,  and  the  dose  of  30  cubic  centimeters 
was  repeated  three  times.  At  first  an  improvement  in  the  pulse  and 
temperature  was  noted,  but  death  occurred  on  the  seventh  day. 
While  the  cerebrospinal  fluid  had  become  more  cloudy  as  the  disease 
progressed,  phagocytosis  became  marked  after  administration  of  the 
serum.  B.  influenza'  was  grown  in  pure  culture  from  the  cerebro- 
spinal fluid  before  death  and  from  the  meningeal  exudate  and  heart's 
blood  at  autopsy. 

The  third  case  was  that  of  a  boy  13  months  old,  admitted  to  the 
Babies'  Hospital  on  the  third  day  of  his  meningitis,  which  followed 
an  attack  of  pneumonia.  After  two  injections  of  the  anti-influenzal 
serum  the  temperature,  pulse,  and  general  condition  were  greatly 
improved,  and  the  serum  was  omitted  for  a  day.  Then  a  rise  of 
temperature  occurred,  convulsions  became  severe,  and  death  ensued 
on  the  sixth  day.  At  the  autopsy  an  extensive  lepto-meningitis  and 
purulent  ependymitis  were  found.  B.  influenzae  was  cultivated  from 
the  cerebrospinal  fluid  during  life  and  from  the  meninges,  heart's 
blood,  and  lung  after  death. 

These  results  are  not  entirely  discouraging.  In  all  three  patients 
decided  improvement  followed  the  administration  of  the  first  dose  of 
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the  anti-influenzal  serum,  which,  we  believe,  was  not  strong  enough 
for  use  in  the  small  doses  which  must  of  necessity  be  given  to  young 
children  if  untoward  effects  are  to  be  avoided  (as  in  case  1).  A  horse 
has  now  been  immunized  for  about  a  year  and  its  serum  gives  a 
higher  opsonic  index  than  was  ever  obtained  with  the  serum  of  the 
goat.  We  are  encouraged  to  hope  that  the  anti-influenzal  horse  serum 
will  yet  prove  effective  in  curing  human  cases  of  influenzal 
meningitis. 

CHARACTER     OF     THE     BACILLI     ISOLATED     FROM     CASES     OF     INFLUENZAL 

MENINGITIS. 

It  is  necessary  to  say  a  word  as  to  the  relation  of  the  bacillus 
isolated  from  our  cases  of  influenzal  meningitis  with  the  so-called 
Bacille  meningite  cerebro-spinale  septicemique  of  Cohen.3 

Cohen  insists  that  the  two  bacilli  are  not  identical  and  that  the 
disease  is  not  influenzal  meningitis,  but  cerebrospinal  septicemic 
meningitis.  He  admits  the  morphological  and  cultural  identity  of 
the  two  organisms,  but  finds  differences  in  their  agglutinative,  con- 
glutinative,  and  protective  powers  and,  above  all,  in  their  pathogenic 
effect  upon  laboratory  animals.  In  my  hands,  serum  reactions  with 
B.  inftuenzce  have  been  unsatisfactory  as  a  means  of  differentiation 
of  strains.  That  is,  agglutination  tests,  opsonic  tests,  and  protection 
tests  with  immune  goat  serum  have  given  identical  results,  whether 
made  with  virulent  meningitis  strains  or  with  a  perfectly  innocuous 
strain  cultivated  from  the  throat  of  a  child  with  mild  influenzal 
bronchitis. 

As  to  the  virulence  of  influenza  bacilli,  strains  of  B.  influenzce 
freshly  isolated  from  the  throat,  nose,  or  bronchial  secretion  of 
patients  suffering  from  influenza,  with  or  without  pneumonia  were, 
with  few  exceptions  (4  of  70),  virulent  for  mice  and  guinea  pigs, 
but  not  for  rabbits.  On  the  other  hand,  all  but  on  strain  isolated 
by  us  from  the  cerebrospinal  fluid  in  cases  of  meningitis  were  viru- 
lent for  rabbits,  and  Batten  4  reports  a  recovered  case  of  influenzal 
meningitis  in  a  child  14  months  old,  from  whose  cerebrospinal  fluid 
he  isolated  a  strain  of  B.  influenzce  which  proved  to  be  entirely  with- 
out virulence  for  mice,  guinea  pigs,  and  rabbits.  No  blood  cultures 
are  mentioned.  In  all  our  cases  of  influenzal  meningitis  the  virulent 
bacilli  were  found  in  the  heart's  blood  before  or  after  death,  or  both. 
It  is  a  well-known  fact  that  it  is  rare  to  find  B.  influenzce  in  the 
heart's  blood  in  routine  autopsy  cultures,  Wohlwill 5  having  failed  to 
find  it  among  several  hundred  autopsies  at  the  Eppendorfer  Kranken- 
haus.  At  the  Babies'  Hospital  during  a  period  of  four  years,  among 
753  autopsies,  it  was  encountered  only  eight  times,  five  times  in 
influenza]  meningitis  and  three  times  in  cases  of  influenzal  pneu- 
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monia  with  normal  cerebrospinal  membranes.  It  is  an  interesting 
fact  that  these  three  respiratory  strains  were  as  virulent  as  any  one 
of  the  meningeal  strains  and  that  they  entered  the  general  circulation, 
both  in  the  human  cases  from  which  they  were  cultivated  and  in  the 
animals  inoculated  in  the  laboratory.  That  the  children  did  not  live 
long  enough  to  develop  meningitis  is  possible.  Had  they  done  so  the 
bacilli  would  be  classified  as  Bacilli  meningite  septicemique,  while  at 
present  we  must  regard  them  as  virulent  strains  of  B.  influenzae. 
That  the  influenza  bacillus  does  invade  the  blood  stream  was  ad- 
mitted by  Pfeiffer  when  he  so  identified  the  bacillus  Slawyk  6  had 
isolated  from  the  cerebrospinal  fluid,  blood  and  joint  pus  from  a 
case  of  influenzal  meningitis  in  1899.  A  most  interesting  case  in  this 
connection  was  one  of  broncho-pneumonia,  seen  at  the  Babies'  Hos- 
pital, in  which  the  influenza  bacillus  was  isolated  in  pure  culture 
from  the  lung  at  autopsy  while  the  heart's  blood  remained  sterile. 
This  strain  of  B.  influenzal  was  virulent  for  rabbits  and  guinea  pigs, 
and  proves  that  virulence  may  be  an  attribute  of  influenza  bacilli 
found  in  the  respiratory  tract,  whether  or  not  such  bacilli  enter  the 
general  circulation.  That  such  bacilli  do  enter  the  blood  without 
causing  seropurulent  meningitis  is  shown  by  the  other  three  cases 
cited,  as  well  as  by  the  following  one:  A  boy  9  months  old  was  ad- 
mitted for  lobar  pneumonia,  and  a  blood  culture  made  with  blood 
obtained  from  the  external  jugular  vein  on  the  fourth  day  of  the 
disease  proved  to  be  negative,  but  on  the  ninth  day  both  pneumococci 
and  influenza  bacilli  were  found  in  the  child's  blood.  On  the  twelfth 
day  the  culture  was  again  negative  and  the  child  made  a  perfect  re- 
covery without  any  symptoms  of  meningitis.  The  influenza  bacillus 
isolated  from  his  blood  proved  to  be  virulent  for  rabbits. 

It  should  not  be  forgotten  that  tests  for  virulence,  to  be  of  value, 
must  be  made  with  the  earliest  generations  of  B.  influenzal  immedi- 
ately after  isolation  from  a  human  lesion.  Like  other  bacteria,  this 
bacillus  loses  its  virulence  on  artificial  cultivation  outside  the  body. 

Instead  of  making  a  distinct  separation  of  the  bacillus  of  sep- 
ticemic meningitis  from  the  influenza  bacillus,  it  would  seem  to  be 
simpler,  and  in  keeping  with  all  the  facts,  to  say  that  while  the 
majority  of  influenzal  infections  of  the  respiratory  tract  are  due  to 
nonvirulent  bacilli,  such  infections  are  occasionally  due  to  virulent 
strains,  and  that  a  virulent  respiratory  infection  may  become  a 
general  one,  with  or  without  inflammation  of  the  cerebrospinal 
meninges.  Moreover,  nonvirulent  influenza  bacilli  have  been  culti- 
vated from  cases  of  cerebrospinal  lepto-meningitis.  The  virulence 
referred  to  here  is  the  power  to  kill  young  rabbits  of  about  1,000 
grams  weight  within  24  hours  after  an  intravenous  inoculation  of  one 
blood  agar  slant  culture  of  24  hours'  growth,  suspended  in  1  cubic 
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centimeter  of  salt  solution,  the  influenza  bacillus  being  recovered  in 
pure  culture  from  the  heart's  blood  and  organs  of  the  animal. 

SUMMARY. 

Influenzal  meningitis  can  be  produced  in  monkeys  by  means  of  sub- 
dural injection  of  virulent  influenza  bacilli. 

The  experimental  disease  can  be  cured  by  means  of  subdural  injec- 
tions of  anti-influenzal  immune  serum. 

Three  human  cases  treated  with  the  serum  showed  temporary 
improvement,  but  none  recovered. 

From  the  fact  that  virulent  influenza  bacilli  are  sometimes  found 
in  lesions  of  the  respiratory  tract,  whence  they  may  enter  the  blood 
without  causing  meningitis,  while  virulent  influenza  bacilli  are 
sometimes  found  in  the  cerebrospinal  fluid  in  cases  of  meningitis,  it 
would  seem  that  a  separation  of  B.  influenzas  from  Baeille  meningite 
cerebro -spindle  septicemique  (Cohen),  on  the  ground  of  virulence,  is 
not  possible. 

1  Wollstein,  Journal  of  Exp.  Med.,  1911,  xiv,  73. 

2 1  am  indebted  to  the  house  staff  of  the  Nursery  and  Child's  Hospital  and  of 
the  Babies'  Hospital  and  to  Dr.  C.  H.  Dunn,  of  Boston,  for  the  history  of  these 
eases. 

3  Cohen,  Annales  de  l'lnst.  Pasteur,  1909,  xxiii,  273. 

4  Batten,  F.  G.    The  Lancet,  1910,  I,  1677. 
5Wohlwill,  Munch,  med.  Wochens.,  1908,  LV,  328. 
6  Slawyk,  Zeits.  f.  Hyg.,  1899,  XXXII,  443. 


PROTECTIVE   INOCULATION. 

EXPERIMENTAL  AND  CLINICAL  STUDIES  ON  THE  USE  OF  LEUCOCYTE 
EXTRACT  IN  THE  TREATMENT  OF  ERYSIPELAS,  PNEUMONIA,  AND  OTHER 
INFECTIONS. 

Philip  Hanson   Hiss.   Jr.,   M.   D.,   Professor  of  Bacteriology,   College  of 
Physicians  and  Surgeons,  Columbia  University,  New  York. 

In  the  past  most  workers  have,  in  their  study  of  infection  and 
their  search  for  biological  therapeutic  agents,  directed  their  energies 
to  the  production  of  specific  antisera  and  have,  with  few  exceptions, 
neglected  to  approach  the  question  of  the  treatment  of  infections  from 
the  side  of  the  intracellular  resisting  agents  of  the  system.  In  many 
infection-,  however,  the  ultimate  weapons  of  defense  of  the  system 
are  the  leucocytes,  either  in  their  normal  state,  acting  as  phagocytes, 
or  possibly  when  breaking  down  in  the  circulation  or  in  exudates. 
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It  seemed  to  me  therefore  probable  that  we  have  certain  diseases, 
not  especially  amenable  to  serum  treatment,  in  which  the  ultimate 
immunity  or  defense  is  largely  cellular,  not  only  in  the  sense  of 
phagocytosis  and  digestion,  but  in  the  neutralization  or  destruction 
of  poisons  which  are  formed  by  the  bacteria  or  arise  from  the  disin- 
tegration of  the  bacteria  and  their  products — a  mechanism  in  which 
the  protecting  cells  or  their  products  after  their  disintegration  must 
intervene  and,  largely  unaided  by  antitoxic  bodies  in  the  plasma, 
neutralize  the  poisonous  products  of  the  invading  microorganisms. 

It  was  this  thought  that  suggested  to  me  the  idea  of  treating  dis- 
ease  by  aiding  the  leucocytes  by  furnishing  them  as  directly  as  possi- 
ble with  the  weapons  which  were  being  taken  away  from  them  in 
their  fight  with  invading  microorganisms,  and  to  protect  them  thus 
from  destruction  and  give  them  an  opportunity  to  recuperate  and 
carry  on  successfully  their  struggle  against  the  invading  germs.  These 
weapons,  whatever  might  be  their  nature,  I  assumed  might  possibly 
be  furnished  by  an  extract  of  the  active  substances  of  the  leucocytes 
themselves — substances  not  ordinarily  given  up  to  the  plasma  or 
serum — and  I  also  assumed  that  extracts  would  be  more  efficacious 
than  living  leucocytes  themselves,  introduced  into  the  infected  ani- 
mal, since,  if  diffusible,  they  would  be  distributed  impartially  to  all 
parts  of  the  body  by  the  circulatory  mechanism  and,  as  quickly  as 
absorption  would  permit,  relieve  the  fatigued  leucocytes  and  pro- 
tect, b}^  any  toxin-neutralizing  or  other  power  they  might  possess, 
the  cells  of  highly  specialized  functions. 

This  idea  of  immunity  differs  from  one  that  simply  assumes  the 
cells  as  the  source  of  all  immune  bodies,  in  that  it  takes  into  consider- 
ation the  presence  and  production  in  the  leucocytes  of  agents  which 
are  not  normally  given  up  to  the  plasma,  but  which  are  able  to 
reproduce  themselves  and  carry  on  the  functions  of  coagulation,  of 
digestion,  or  of  neutralization  simply  for  the  benefit  and  protection 
of  the  individual  cell,  while  not  being  secreted  or  excreted  by  the 
cells  for  the  more  general  benefit  of  the  cell  community  at  large. 

It  seemed  to  me  that  when  these  sources  of  protection  are  over- 
taxed or  fail  to  act  efficiently,  the  most  reasonable  course  is,  if  possi- 
ble, to  support  the  system  by  introducing  into  the  infected  animal 
or  man  the  substances  composing  the  chief  cells  or  all  the  cells  of  an 
exudate  from  normal  or  immunized  animals  in  the  most  available 
and  diffusible  form,  as  little  changed  by  manipulation  as  possible.3 

Most  other  workers  on  this  subject  have  been  chiefly  interested, 
apparently,  in  elucidating  the  direct  germicidal  action  of  certain 
leucocyte  extracts  on  bacteria,  and  in  bringing  out  differences  between 
the  serum  bactericidal  bodies  and  the  bactericidal  bodies  of  the 
leucocytes — in  other  words,  with  the  mechanism  of  the  bactericidal 
activities  of  leucocytes  as  shown  in  vtiro  and  in  the  peritoneal  cavity. 
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Attempts  to  influence  infection  by  the  use  of  organ  extracts  have 
also  been  made,  apparently  with  little  success.  The  thought,  how- 
ever, underlying  most  of  this  work  differs  from  my  own,  as  these 
experimenters  have  adopted  such  a  course,  arguing  that  certain  or- 
gans may  be. the  source  of  true  antitoxins,  or  of  the  so-called  immune 
bodies — amboceptors — and  simply  contain  them  in  greater  quantity 
than  does  the  serum. 

My  work,  on  the  other  hand,  as  I  have  endeavored  to  make  clear, 
has  been  based  on  another  conception,  and  has  had,  as  its  immediate 
object,  the  practical  determination  of  the  curative  effects  of  such 
extracts.  These  experiments  and  their  practical  applications  have 
now  extended  over  five  and  a  half  years. 

THE  TREATMENT  OF   INFECTION   IN   ANIMALS  WITH   LEUCOCYTE   EXTRACT. 

Passing  now  from  these  questions  of  theory,  I  will  outline  briefly  the 
result  of  the  treatment  of  infections  in  animals  with  leucocyte  ex- 
tracts. These  infections  or  poisonings  have  usually  been  brought 
about  by  intravenous  inoculations  and,  as  a  rule,  the  treatments  with 
extract  have  been  given  subcutaneously,  although  at  times  intraperi- 
toneally. 

The  infections  to  which  I  wish  to  call  attention  chiefly  in  the 
experiments  on  animals  are  staphylococcus,  streptococcus,  pneu- 
mococcus,  typhoid,  dysentery,  meningococcus,  and  cholera. 

Staphylococcus  infections  in  animals.2 — If  we  analyze  our  series  of 
staphylococcus  infections,  we  find  that  animals  receiving  subcutane- 
ous injections  of  rapidly  fatal  doses  of  Staphylococcus  pyogenes 
aureus  can  generally  be  saved  by  treatment  with  the  extract  of  nor- 
mal leucocytes  of  rabbits,  even  in  small  doses,  especially  when  these 
are  given  intraperitoneally.  When  intravenous  injections  of  staphy- 
lococcus are  practiced,  the  results  are  different,  but  treated  animals 
usually  survive  the  controls  many  days,  and  present  modified  histo- 
logic pictures. 

Streptococcus  infections  in  animals. — In  experiments  with  strepto- 
coccus infections  I  have  worked  only  with  those  brought  about  by 
intravenous  injections.  In  these  experiments  we  find  a  marked 
lengthening  of  life  and  even  a  survival  of  the  treated  animals,  and 
better  results  in  the  animals  treated  early  than  in  those  treated  late. 
All  of  the  animals  which  lived  long  enough  developed  articular  or 
periarticular  lesions,  which  tend  to  distinguish  these  infections  from 
pneumococcus  infections,  which,  as  we  shall  see,  seldom  or  never  give 
rise  in  rabbits  to  such  localizations. 

Pneumococcus  infections  in  animals. — If,  in  my  series  of  experi- 
ments on  pneumococcus  infections,  we  consider  the  animals  treated 
with  the  extract  of  leucocytes  of  normal  rabbits,  we  find  that  in  such 
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animals  an  infection,  surely  fatal  in  untreated  rabbits,  becomes  sig- 
nificantly modified  in  treated  animals,  even  if  this  treatment  be 
delayed  many  hours.  Thus,  out  of  8  control  animals  used  in  four 
experiments  in  which  the  intravenous  infecting  dose  was  the  same, 
all  died,  averaging  only  45  hours  of  life  after  being  infected.  Of 
the  animals  treated — some  as  late  as  24  hours  after  infection — 9  out 
of  12,  or  75  per  cent,  survived  the  infection,  three  died  with  an 
average  life  of  60  hours  after  infection,  two  of  them  not  having 
received  treatment  until  the  expiration  of  24  hours. 

These  are  not  selected  examples,  but  are  records  of  events  as  they 
developed  in  our  regular  research  tests,  and  have  been  fully  confirmed 
by  experiments  undertaken  in  elucidation  of  other  points,  and  are 
unmistakably  indicative  of  the  powerful  beneficent  action  of  such 
extracts  on  pneumococcus  septicemia  in  rabbits. 

On  the  other  hand,  living  leucocytes,  introduced  subcutaneously. 
or  even  peritoneally,  have  little  or  no  effect  on  systemic  infections. 

Typhoid  infections  in  animals. — We  find  that  typhoid  infections,  if 
indeed  we  may  really  call  them  such,  in  rabbits  are  essentially  differ- 
ent from  those  caused  by  such  organisms  as  staphylococci,  strepto- 
cocci, and  pneumococci.  The  animals  seem  rather  to  suffer  an  acute 
intoxication,  from  which  they  either  die  within  a  very  limited  time, 
when  organisms  may  be  recovered  from  them,  or  recover  completely, 
or  go  into  a  state  of  cachexia,  but  without  organisms  in  the  blood  or 
organs.  In  my  experiments  the  animals,  as  is  usual  after  toxic  doses 
of  typhoid  bacilli,  showed  signs  of  poisoning,  remaining  quiet  and 
refusing  all  food  for  some  hours.  The  animals  receiving  protection 
with  leucocyte  extract,  shortly  after  this  treatment,  usually  seemed 
worse  than  the  control,  and  to  the  inexperienced  would  appear  the 
most  likely  to  die.  This  might  possibly  be  due  to  a  more  rapid 
liberation  of  toxic  substances  by  enhanced  bacteriolytic  processes, 
either  brought  about  by  a  fuller  complementing  of  immune  bodies 
by  the  extract,  or  by  special  digestive  bodies  of  the  leucocytic  ex- 
tract, or  it  might  be  due  to  a  somnolent  state  following  a  relief  from 
active  poisoning.  That  the  poisoning  in  reality  was  fundamentally 
less  severe  than  in  the  more  normal-appearing  control  is,  however, 
shown  by  the  return  of  the  treated  animals  to  normal  condition  and 
weight,  the  weights  following  a  perfectly  logical  order — untreated 
animal,  animal  treated  late,  animal  treated  early,  as  is  illustrated 
by  the  following  examples:  A  rabbit  of  1,125  grams  weight  received 
a  large  but  not  immediately  fatal  dose  of  typhoid  bacilli  intra- 
venously on  April  8,  which  dose  was  repeated  on  April  15  and  22,  the 
animal  dying  on  April  29,  weighing  895  grams;  while  another  rabbit, 
weighing  1,108  grams,  received  the  same  amount  of  typhoid  bacilli, 
but  treated  with  leucocyte  extract  within  five  hours  after  the  infect- 
6G()92— vol  2.  ft  1—13 5 
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ing  dose,  lost  no  weight  and  recovered;  and  a  1,104-gram  rabbit, 
treated  each  time  within  one  hour,  actually  gained  200  grams. 

In  this  experiment  no  organisms  were  alive  in  the  control,  so  that 
the  animal  died  from  poisoning  and  interference  probably  with 
metabolism  and  excretion  due  to  cellular  changes. 

In  another  experiment  the  dose  of  typhoid  bacilli  was  so  toxic 
that  the  temperature  fell  immediately  instead  of  rising.  The  effect 
of  the  extract  in  the  early-treated  animal  was  not  a  further  lowering 
of  the  temperature,  but  an  arrest  and  more  abrupt  rise  than  in  the 
control  and  the  animal  treated  after  five  hours.  Furthermore  both 
the  control  and  the  later  treated  animal  had  bad  diarrhea  within  two 
hours,  but  the  animal  treated  in  one  hour  did  not  have  diarrhea. 

Such  experiments  with  leucocyte  extracts  on  typhoid  infections  in 
rabbits  are  sufficient  for  illustration,  and  the  conclusion  from  them 
seems  unavoidable  that  leucocyte  extracts  have  a  remarkably  bene- 
ficial modifying  action  on  the  course  of  typhoid  infections  or  poison- 
ings in  rabbits. 

The  same  holds  true  in  infections  in  guinea  pigs  treated  with  rabbit 
leucocyte  extracts,  but,  apart  from  noting  the  fact  here  that  subcu- 
taneous injections,  used  curatively,  are  active  in  guinea  pigs,  it  does 
not  seem  of  import  to  detail  such  experiments  at  this  time. 

Meningococcus  infection  in  animals. — In  meningococcus  experi- 
ments rabbits  suffer  marked  intoxication,  if  not,  indeed,  in  some  in- 
stances a  true  infection,  when  given  sufficient  quantities  of  almost 
any  race  of  meningococcus  intravenously.  During  the  epidemic  of 
cerebrospinal  meningitis  occurring  in  New  York  several  years  ago 
I  proved  this  to  my  satisfaction  many  times,  so  that  for  the  pur- 
pose of  the  following  experiments  I  had  no  hesitation  in  selecting 
rabbits  as  the  test  animal. 

If  we  analyze  briefly  the  results  of  our  experiments  on  rabbits 
infected  with  meningococcus,  we  find  the  following :  In  every  experi- 
ment the  controls  died. 

The  total  number  of  control  animals  used  in  the  experiments,  in 
which  the  treated  animals  received  normal  leucocyte  or  immune 
leucocyte  extract,  was  eight.  These  eight  controls,  averaging  1,254 
grams,  died  with  an  average  life  of  20  hours  after  infection. 

Of  the  treated  animals  there  were  13;  9  of  these- recovered,  and  4 
died,  over  70  per  cent  of  recoveries. 

The  average  weight  of  the  9  animals  which  recovered  was  1,200 
grams,  and  of  the  4  which  died  1,062  grams,  200  grams  lighter  than 
the  controls,  with  an  average  life  after  the  infection  of  5.7  days. 

The  majority  of  the  animals  did  not  receive  treatment  until  the 
expiration  of  5  hours  after  inoculation,  and  a  number  of  them  not 
until  21  to  24  hours,  some  of  the  controls  having  at  times  died  before 
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these  animals  were  treated  with  leucocyte  extract.  Severer  tests 
could  hardly  be  devised,  and  when  the  results  of  such  tests  are  com- 
pared with  those  attained  with  the  use  of  serum  they  point  strongly 
to  the  value  of  leucocyte  extract  in  the  treatment  of  this  infection. 
Cholera  and  dysentery  infections  in  animals. — Experiments  with 
cholera  infection  of  guinea  pigs  and  rabbits,  and  with  infections  due 
to  either  type  of  the  dysentery  bacilli  in  rabbits,  which  always  proved 
fatal  in  the  control  animals,  have  shown  that  these  infections  yield  to 
treatment  with  leucocyte  extract  in  much  the  same  manner  as  do  the 
infections  to  which  I  have  already  called  attention. 

SUMMARY   AND   CONCLUSIONS  FROM   ANIMAL  EXPERIMENTS. 

The  character  of  the  exact  action  of  the  extracted  substance  in 
these  various  infections  is,  of  course,  at  present  largely  a  matter  of 
conjecture. 

The  fact  that  treated  animals,  in  some  instances,  appear  more  in- 
toxicated than  the  untreated  may  indicate  an  enhanced  lytic  action  and 
liberation  of  toxic  substances  from  the  bacteria,  thus  suggesting  the 
presence  in  the  extract  of  complementing  bodies,  or  of  digestive  bodies 
peculiar  to  the  leucocytes.  Such  bodies  are,  of  course,  known  to  be 
present  and  may  play  an  active  part,  but  the  strongest  impression 
given  to  one  carefully  following  the  experiments  and  noting  the  im- 
mediate effect  on  temperature  and  the  conservation  and  quick  return 
to  normal  weight  of  the  treated  animals  is  that  the  principal  sub- 
stance at  work  is  one  active  in  neutralizing  poisons  or  preventing 
their  formation,  and  thus  able  to  relieve  the  animal  economy  and  give 
the  phagocytes  an  opportunity  to  carry  on  their  work  of  ingesting 
the  microorganisms  and  their  nonsoluble  products,  thus  perma- 
nently rendering  them  harmless. 

The  points  which  to  my  mind  at  present  speak  most  strongly  for 
the  explanation  of  the  beneficial  action  of  leucocyte  extracts,  as 
either  poison  neutralizing  or  poison  prohibiting,  rather  than  pri- 
marily bactericidal  or  bacteriolytic,  or  even  one  of  immediate 
phagocytosis,  are,  first,  the  effect  on  temperature;  for,  when  the  tem- 
perature is  high,  it  tends  to  be  lowered,  and,  when  it  is  falling  below 
normal  from  the  intensity  of  the  poisoning,  it  tends  to  rise  on  treat- 
ment, which  is  a  sign,  of  course,  under  this  condition,  of  returning 
strength  on  the  part  of  an  animal;  and,  secondly,  the  effect  in  pre- 
venting diarrhea,  which  is  a  sympton  of  poisoning  in  such  intoxica- 
tions. Animals  treated  in  time  rarely  show  diarrheal  symptoms. 
Mow,  if  the  action  of  the  extract  were  a  poison-liberating  one,  we 
might  possibly  have  a  falling  temperature  when  it  is  high,  following 
the  introduction  of  extract,  caused  by  a  further  poisoning,  but  we 
should  not  have  a  rise  in  temperature  in  an  already  fatally  intoxi- 
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cated  animal;  in  the  same  way,  if  poison  were  liberated,  animals 
receiving  treatment  should  evince  symptoms  of  diarrhea  before  the 
untreated  ones.  And,  further,  the  experiments  performed  by  Zinsser 
and  myself  in  vitro,  and  in  the  peritoneal  cavities  of  guinea  pigs, 
strongly  favor  a  toxin-neutralizing  or  coagulating  action;  for  we 
were  able  to  show,  in  a  fairly  satisfactory  manner,  that  bacterial 
extracts  were  precipitated  by  leucocyte  extracts,  and  we  were  unable 
to  determine  any  marked  extracellular  intraperitoneal  destruction 
even  of  such  sensitive  organisms  as  cholera  vibrios,  or,  in  fact,  any 
immediate  increase  in  phagocytosis;  and  yet  the  animals  were  better 
off  than  the  controls.  That  the  action  is  one  affecting  the  poisons 
immediately,  no  matter  what  the  effect  on  the  bacterial  cells  may  be, 
seems  an  unavoidable  conclusion,  since  falls  of  temperature  of  several 
degrees  may  occur  within  a  half  hour  to  an  hour  after  subcutaneous 
adminstration  of  leucocyte  extract.  This  fact  also  practically  rules 
out  an  explanation  of  the  extract  as  being  simply  a  stimulator  of 
general  leucocytosis  from  the  leucocyte- forming  bases  of  the  animal; 
for,  even  if  such  a  leucocytosis  could  occur  in  so  short  a  time,  we  know 
from  experiment  that  freshly  obtained  living  leucocytes,  when  in- 
troduced into  an  infected  animal,  even  intraperitoneally,  are  prac- 
tically without  effect  on  systemic  infections.  The  lives  of  the  animals 
are  not  lengthened  and  these  intact  leucocytes  seem  to  have  no  in- 
fluence on  the  temperature. 

Intravenous  injections  of  living  leucocytes  have  not  been  tried, 
since  the  results  of  such  a  procedure  are  of  purely  academic  interest, 
being  entirely  outside  the  realm  of  possibility  in  the  treatment  of 
human  infections.  The  use  of  living  leucocytes  in  the  treatment  of 
local  infections  is,  of  course,  possible,  but  of  limited  application, 
both  theoretically  and  practically,  and  their  beneficial  action  would 
probably  be  due  to  the  simple  regeneration  of  the  phagocyte  army, 
or  to  extracts  which,  unsuspectedly,  accompanied  the  supposedly  in- 
tact leucocytes  introduced. 

THE    TREATMENT    OF    INFECTIONS    IN    MAN    WITH    LEUCOCYTE    EXTRACT. 

The  infections  in  man  which  I  and  my  coworkers  have  treated, 
through  the  courtesy  and  request  of  various  physicians,  have  been 
those  due  to  the  meningococcus,  pneumococcus,  streptococcus,  staphy- 
lococcus, and  colon  bacillus. 

There  is  not  time,  nor  is  this  the  place,  to  go  into  the  histories  of 
the  individual  cases.  In  connection  with  Dr.  Zinsser  in  1908  I 
published  the  results  obtained  in  the  treatment  of  a  number  of 
epidemic  meningitis  patients*  and  in  a  small  number  of  patients 
Buffering  from  lobar  pneumonia  and  pneumococcus  infections,  and  to 
these  articles  I  must  refer  anyone  interested  for  details  of  these 
earlier  tests.8 
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Meningococcus  cases. — It  may  be  of  interest  to  state,  however,  that 
15  of  the  meningitis  patients  treated  by  us  were  under  15  years  of 
age;  of  these,  3  died,  leaving  80  per  cent  of  recoveries  with  no 
sequelae.  Of  the  patients  over  15  years,  there  were  7,  of  whom  5  died. 
This  result  may  have  been  due  to  the  fact  that  several  of  these  adult 
patients  were  in  extremis  when  admitted  to  the  hospital.  In  spite 
of  this,  under  treatment  some  of  the  patients  showed  a  marked  im- 
provement, and  did  not  die  before  27,  7,  38,  11,  and  25  days  after 
treatment  was  begun.  Of  the  children  who  were  treated,  but  who 
died,  1  survived  79  days,  1,  62  days,  and  1,  a  baby  of  7  months,  12 
days,  after  treatment  was  instituted. 

It  seems  also  of  interest  to  note  the  fact  that,  in  7  cases  in  which 
treatment  was  begun  subsequent  to  the  seventh  day  of  the  disease, 
there  was  100  per  cent  of  recoveries  without  sequelae.  Treatment  was 
not  begun  in  these  cases  until  the  elapse  of  17,  20,  47,  41,  53,  39,  and 
82  days  after  the  first  symptoms  developed,  and  a  reference  to  the 
histories  would  show  that  these  patients  were,  as  a  rule,  in  grave 
condition. 

Almost  without  exception  there  was  an  improvement  in  those  symp- 
toms which,  in  this  disease,  depend  largely  on  the  central  nervous  sys- 
tems. Vomiting,  delirium,  stupor,  and  hypesthesia  were  usually 
diminished  or  entirety  allayed  after  one  or  two  administrations  of 
quantities  ranging  from  5  to  20  cubic  centimeters. 

Marked  reduction  in  the  temperature  following  injections  was  no- 
ticeable in  many  of  the  cases.  In  some  of  these  cases,  however,  the 
diminution  of  the  fever  was  a  temporary  phenomenon,  limited  to  the 
24  or  48  hours  immediately  following  the  injection,  a  fact  which  also 
argues  strongly  for  the  idea  of  poison  neutralization. 

The  actual  percentage  of  recoveries  among  these  patients  was  about 
64  per  cent.  If  70  or  75  per  cent  be  accepted  as  the  usual  death  rate, 
and  the  basis  for  determining  the  value  of  the  serum  treatment  of 
meningitis,  then  the  fact  that  64  per  cent  of  our  patients  recovered 
would  seem  to  indicate  some  curative  value  in  the  extract.  And  if  this 
is  true,  it  also  indicates  that  if  the  antimeningitis  sera  are  really 
toxin  neutralizing,  or  contain  the  same  antibodies  as  the  leucocyte  ex- 
tract, then  these  sera  should  be  efficacious  when  administered  sub- 
cutaneously,  which  is  not  the  fact.  I  am  inclined  to  believe  that  a 
combination  of  these  treatments,  immune  serum  given  subdurally  and 
leucocyte  extract  subcutaneously,  might  lead  to  more  favorable  re- 
sults than  the  use  of  either  separately. 

Lobar  pneumonia. — The  total  number  of  lobar  pneumonia  cases 
treated  by  us  personally  with  leucocyte  extract  of  which  wTe  have  satis- 
factory records  are  53.  Out  of  this  number  3  ended  fatally,  a  mortal- 
ity of  5.6  per  cent.  Two  of  the  fatal  infections  were  in  alcoholic 
patients.    While  this  is  of  course  not  such  an  extended  series  as  might 
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be  desired  upon  which  to  base*  definite  conclusions  of  the  efficiency  of 
the  treatment,  nevertheless  the  low  mortality  shown  is  encouraging, 
especially  as  the  majority  of  the  cases  were  severe,  our  aid  not  being 
asked  until  the  patient  was  in  an  exceedingly  unsatisfactory  state. 
To  those  observing  the  course  of  the  disease  under  this  treatment,  the 
most  obvious  effects  of  the  extract  were  an  almost  immediate  improve- 
ment in  the  feeling  of  well  being  of  the  patient,  while,  in  the  ob- 
jective symptoms,  the  improved  quality  of  the  circulation  and  reduc- 
tion of  pulse  rate,  with  a  disappearance  of  cyanosis,  usually  accom- 
panied by  an  immediate  drop  in  temperature,  were  noted ;  some  cases 
ending  by  an  abrupt  and  early  crisis,  others  coming  to  normal  by  a 
more  gradual  lysis.  The  spreading  of  the  lesion  was  usually  halted, 
and  convalescence  was  usually  rapid  and  uninterrupted.  A  striking 
effect  of  the  treatment  is  the  early  disappearance  of  the  distressing 
cough,  which  improvement  has  been  especially  apparent  to  the  pa- 
tients themselves.  As  to  the  blo*od  pictures,  it  has  been  noticed  that  in 
patients  growing  progressively  worse  with  a  falling  leucocytosis. 
that  the  leucocytes  increased  almost  immediately,  giving  in  a  few 
hours  a  more  normal  and  favorable  blood  picture.  A  general  con- 
clusion from  a  study  of  all  our  cases  is  that  the  disease  is  rendered 
largely  benign,  and  in  patients  treated  early,  the  length  of  the  disease 
is  markedly  shortened.  In  cases  treated  late,  the  crisis  usually  comes 
on  in  a  few  hours. 

The  doses  usually  given  have  been  from  20  to  60  cubic  centimeters, 
and  repeated  every  four  hours  until  marked  improvement  occurs. 

Such  occurrences  as  these,  backed  by  the  conclusive  evidence  of  the 
animal  experiments,  would  certainly  seem  to  warrant  an  extended  and 
careful  study  of  the  influence  of  this  agent  on  pneumococcus  infec- 
tions in  man,  and  make  us  hopeful  that  many  an  otherwise  fatal  ill- 
ness may  become  comparatively  benign  under  its  influence.  This  hope 
is  strengthened  by  evidence  gathered  from  the  study  of  infection  due 
to  the  streptococcus,  so  closely  related  to  the  pneumococcus  in  many 
ways. 

Streptococcus  infections. — Erysipelas  is  a  streptococcus  infection 
which  is  an  ideal  infection  to  study,  as  the  chief  lesion  is  in  plain 
view,  and  there  is  usually  a  sharp  temperature  reaction  in  the  infec- 
tion. Moreover,  a  well-marked  train  of  symptoms,  which  are  un- 
doubtedly toxic  in  origin,  is  generally  present,  and  as  the  leucocyte 
extract  seems  to  act  primarily,  at  least  in  combating  toxemia,  we  have 
therefore  a  comparatively  reliable  means  at  our  disposal  of  judging 
of  its  effects,  both  on  the  lesion  and  systemic  symptoms. 

The  mortality  rate  of  erysipelas  is  given  as  about  10  per  cent  in 
adults;  in  children,  as  75  per  cent;  and  in  infants  under  1  year  as 
almoel  LOO  per  cent.  Erysipelas,  therefore,  can  not  be  counted  as  a 
light  infection. 
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Nevertheless,  the  opinion  does  not  seem  to  be  rare  that  erysipelas  is 
a  trivial,  self-limiting  disease  that  can  safely  be  left  to  run  its  course 
under  local  treatment. 

During  the  last  two  years,  however,  we  ourselves  have  had  reports 
of  12  fatal  cases  of  erysipelas  occurring  not  in  patients  of  the  ex- 
tremes of  age  but  for  the  most  part  in  strong  healthy  adults.  The 
need  for  more  efficient  therapeutic  measures  is  therefore  evident. 

The  series  of  erysipelas  infections  treated  with  the  leucocyte  extract 
comprises  126  cases  of  all  types  and  grades  of  severity.  The 
majority  of  infections  were  secondary  to  operative  measures  and 
might  be  classed  as  surgical  erysipelas,  while  the  others  were  of  the 
so-called  idiopathic  form,  as  the  origin  could  not  be  traced  to  any 
contributing  trauma  or  known  lesion.  As  regards  severity^  they  were 
nearly  all  severe  infections,  and  the  great  majority  of  them  were  of 
the  most  severe  type  that  occurs.  This  was  due  to  the  fact  that  we 
were  usually  not  consulted  until  the  ordinary  remedies  had  been 
tried,  by  which  time  the  infection  was  well  established  and  the 
systemic  symptoms  marked.  Thus,  with  the  exception  of  a  few,  the 
lesion  had  been  present  for  a  time,  varying  from  several  days  to  two 
weeks.  Such  cases,  therefore,  probably  offer  as  fair  a  test  of  the 
value  of  a  therapeutic  agent  as  could  be  desired. 

The  results  obtained  have  been  so  uniformly  beneficial,  constant, 
and  marked  that  judging  from  them  it  would  seem  that  in  this  disease 
we  can  almost  prognosticate  the  results  following  the  use  of  leucocyte 
extract. 

In  every  case  there  was  a  marked  reaction  following  its  use,  which 
in  most  cases  was  shown  by  a  fall  in  temperature  and  a  rapid  im- 
provement in  the  general  condition. 

In  an  average  case  of  erysipelas,  one  of  moderate  severity,  the 
constitutional  symptoms,  due  to  the  absorption  of  the  toxins,  are  well 
marked — headache,  nausea,  vomiting,  delirium,  sometimes  active  but 
usually  of  a  low  muttering  type,  and  a  sense  of  extreme  depression. 
The  local  subjective  symptoms  are  also  marked  and  are  very  annoy- 
ing, the  heat,  burning,  and  itching.  In  practically  all  the  cases  the 
symptoms  disappeared  within  a  few  hours  following  the  first  injec- 
tion of  the  extract;  the  headache,  nausea,  and  vomiting  disappeared, 
the  mind  became  perfectly  clear,  and  from  a  low,  depressed,  appre- 
hensive state  the  patient  passed  into  a  state  of  comparative  comfort, 
free  from  anxiety.  The  effect  on  the  temperature  varied  with  the 
class  of  patient  and  with  the  time  that  had  elapsed  between  the  onset 
of  the  lesions  and  the  beginning  of  the  treatment — in  those  treated 
early,  within  24  or  48  hours  of  the  onset,  there  was  a  sharp  fall  in  the 
temperature  curve,  and  the  disease  ended  practically  by  crisis,  the 
accompanying  symptoms  disappeared,  and  the  rash  ceased  to  spread. 
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In  the  cases  treated  later  in  the  course  of  the  disease  there  was  usually 
not  such  a  marked  effect  on  the  temperature,  but  the  change  in  the 
general  condition  was  just  as  marked  and  the  course  of  the  disease 
cut  short.  Locally,  in  all  cases,  whether  treated  early  or  late,  the 
burning  and  aching  pain  disappeared  in  a  few  hours.  Subjectively 
the  patient  was  soon  in  an  entirely  different  state. 

As  regards  the  effect  of  the  extract  on  the  local  lesions,  there  was 
generally  some  further  spreading,  but  the  character  of  the  lesion 
changed.  The  bright  vivid  crimson  rash,  usually  seen  in  an  other- 
wise healthy  patient,  soon  ceased  to  spread  and  faded.  The  dull 
purplish  rash,  seen  in  the  deeper  erysipelas  infections  or  in  the 
asthenic  type  of  patient,  soon  gave  way  to  the  bright  crimson  form, 
which  change  we  take  to  be  evidence  of  increased  resistance,  and  this 
in  turn  faded  away  gradually.  In  the  latter  class  of  patients,  where 
a  severe  infection  was  present  with  the  corresponding  systemic 
symptoms  and  a  low  temperature  curve,  a  moderate  rise  of  tempera- 
ture at  times  occurred  after  the  infection.  This  we  looked  upon  as  a 
favorable  sign  and  as  an  evidence  of  increased  resistance. 

The  duration  of  an  average  case  of  erysipelas,  under  the  routine 
measures  of  treatment,  is  about  10  to  14  days.  In  our  series  of  cases 
the  average  duration,  whether  treatment  with  the  extract  was  insti- 
tuted early  or  late,  was  3-1  days  after  treatment  was  begun. 

In  practically  all  cases  following  the  use  of  the  leucocyte  ex- 
tract, had  it  not  been  for  the  mere  physical  presence  of  the  diseased 
focus,  the  patient  would  have  been  considered  well. 

The  extract  took  the  place  of  all  stimulation,  and  patients  suffering 
from  the  most  severe  infections  have  been  kept  entirely  comfortable 
by  the  use  of  the  extract  alone,  with  a  pulse  rate  usually  not  rising 
above  90,  thus  showing  the  saving  of  the  human  economy. 

With  post-operative  or  surgical  erysipelas  one  point  is  worthy  of 
special  notice.  Most  of  these  infections  were  complications  of  opera- 
tions on  the  eye,  ear,  nose,  and  throat.  The  point  to  be  noted  is  that 
under  this  treatment  the  healing  instead  of  being  delayed,  as  usual, 
was  hastened  and  was  complete  in  a  much  shorter  time  than  in  an 
uncomplicated  case.  We  refer  especially  to  mastoid  wounds.  This 
is  directly  contrary  to  the  usual  experience  with  such  wounds,  as  very 
often,  following  erj^sipelas,  it  is  necessary  to  do  a  second  operation 
to  clean  out  the  flabby  unhealthy  granulations.  The  same  would  hold 
true  with  operative  measures  on  other  parts  of  the  body. 

The  foregoing  general  description  of  the  effects  of  leucocyte  extract 
on  erysipelas  represents  not  only  our  own  conclusions  from  the 
observation  of  patients  so  treated  but  is  based  largely  upon  conclu- 
sions drawn  by  the  physicians  and  surgeons  under  whose  care  many 
of  these  patients  were. 
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For  purposes  of  analysis  little  would  be  gained  by  giving  histories 
of  the  patients  treated.  The  histories  fall  into  more  or  less  distinct 
groups  which  we  simply  summarize  in  the  following  table : 

Statistical  analysis  of  erysipelas  cases. 


Age  of  patient. 


Infants  (up  to  1  year).. . 
Children  (1  to  15  years). 
Adults  (15  to  50  years). . 
Over  50  years 


Total. 


No.  of 
cases. 


12 
10 
91 
10 


126 


Time  of  treatment.1 


/Early 5 

\Late 7 

/Early 3 

\Late 7 

(Early 36 

\Late 58 

/Early 4 

\Late 6 

(Early 48 

\Late 78 


Average 
duration  of 
treatment. 


Days. 
4 


6 

1.5 

3 

2.26 

3.5 

1.5 

3.7 


2.3 

4.05 


Termination  of 
cases. 


Recovery.  Death 


3 
5 
3 
7 
36 
68 
4 
f 


46 

To 


*  Early = Treatment  begun  within  3  days  of  appearance  of  lesion;  Late= 
days  after  appearance  of  lesion. 

Recapitulation. 


■  Treatment  begun  later  than  3 


Total  number  of  cases  treated,  126;  recovered  121,  mortality  3.96  per  cent. 

General  average  duration  of  treatment,  3.18  days. 

Number  of  recoveries  under  1  year  old,  8  out  of  12. 

Per  cent  of  recoveries  under  1  year  old,  66.6  per  cent. 

General  mortality  rate,  3.96  per  cent  (all  cases). 

Mortality  among  patients  over  1  year,  0.87  per  cent;  recoveries,  99.13  per  cent. 

In  addition  to  these  cases,  Dr.  Adrian  Lambert,  in  his  wards  at 
Bellevue  Hospital,  has  treated  about  50  cases  of  erysipelas  by  this 
method,  with  extract  supplied  by  us.  While  the  history  of  these 
cases  will  be  published  in  detail  by  Dr.  Lambert,  his  conclusions  are 
as  follows: 

Leucocyte  extract  will  abort  infections  which  are  treated  within  the  first  48 
hours. 

It  will  ameliorate  the  course  of  older  infections  and  may  abruptly  terminate 
them ;  the  longer  the  infection  has  existed,  the  less  likely  is  the  latter  to  take 
place,  but  it  tends  to  shorten  the  course  of  the  disease. 

The  toxic  symptoms — delirium,  headache,  nausea,  and  vomiting — are  modified 
and  relieved ;  local  pain  is  lessened. 

The  rash  does  not  disappear  immediately,  but  is  apt  to  be  localized. 

The  spreading  intractable  lesions  of  the  back  and  body  are  apparently  affected 
as  readily  as  those  occurring  on  the  face  and  head. 

Pus  formation  is  aborted,  and  sequelae  are  rare,  if  they  occur  at  all.  About 
50  per  cent  of  babies  under  1  year  of  age  have  recovered  from  the  erysipelas. 

Our  conclusions,  as  has  been  stated,  are  practically  the  same  as 
these,  although  we  show  even  a  more  favorable  outcome  of  the  treat- 
ment in  babies  under  1  year  of  age. 

Staphylococcus  infections. — Local  acute  and  chronic  staphylococcus 
infections  respond  almost  immediately  to  treatment  with  the  extract. 
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and  furunculosis  of  intractable  type  is  halted  and  apparently  cured. 
Dr.  Zinsser  has  treated  11  patients  who  had  staphylococcus  infection. 
In  these,  after  treatment  was  begun,  surgical  interference  was  always 
unnecessary,  and  Dr.  Dwyer  has  also  treated  a  large  number  of 
patients  with  various  staphylococcus  infections  with  uniformly  favor- 
able results. 

1  The  method  of  obtaining  these  substances  as  used  in  animal  experiments 
and  the  treatment  of  human  subjects  is  at  present  as  follows :  Rabbits,  of  1,500 
grams  weight  or  heavier,  receive  intrapleural  injections  of  aleuronat.  This  is 
prepared  by  making  a  3  per  cent  solution  of  starch  in  meat-extract  broth, 
without  heating,  and  adding  to  this,  after  the  starch  has  gone  into  thorough 
emulsion,  5  per  cent  of  powdered  aleuronat.  This  is  thoroughly  mixed,  boiled 
for  five  minutes,  and  filled  into  sterile  potato  tubes,  20  cubic  centimeters  into 
each  tube.  Final  sterilization  is  done,  preferably  in  an  autoclave.  The  rabbit 
injections  are  carried  out  by  injecting  10  cubic  centimeters  into  each  pleural 
cavity  in  the  intercostal  spaces  at  the  level  of  the  end  of  the  sternum,  in  the 
anterior  axillary  line,  great  care  being  exerted  to  avoid  puncturing  the  lungs. 
The  rabbits  are  left  for  24  hours,  at  the  end  of  which  time  a  copious  and  very 
cellular  exudate  will  have  accumulated  in  the  pleural  cavities.  After  killing 
the  animals,  this  is  removed  by  opening  the  anterior  chest  wall  under  rigid 
precautions  of  sterility,  and  pipetting  the  exudate  into  sterile  centrifuge  tubes. 
Immediate  ceiitrifugalization,  before  clotting  can  take  place,  then  permits  the 
decanting  of  the  supernatant  fluid.  To  the  leucocytic  sediment  is  then  added 
about  2  cubic  centimeters  of  sterile  distilled  water,  and  the  emulsion  is  thor- 
oughly beaten  up  with  a  stiff  bent  spatula.  Smears  are  now  made  on  slides, 
stained  by  Jenner's  blood  stain,  and  examined  for  possible  bacterial  contami- 
nation. It  is  well  also  to  take  cultures.  Sterile  distilled  water  is  then  added 
to  each  tube,  about  10  volumes  to  1  volume  of  sediment,  and  the  tubes  are 
set  away  in  the  incubator  for  seven  or  eight  hours.  At  the  end  of  this  time 
the  sterility  is  again  controlled  as  above,  and  further  extraction  in  the  refrig- 
erator continued  until  the  extract  is  used.  So  far  as  at  present  determined,  the 
preparation  remains  active  indefinitely.  Before  use  the  preparation  is  thor- 
oughly shaken  to  disseminate  the  sediment,  which  is  then  drawn  into  the 
syringe  and  injected  subcutaneously  along  with  the  fluid  into  the  animal  or 
patient. 

2  Hiss :  Jour.  Med.  Research,  1908,  XIX,  323.  See  this  article  for  details  of 
these  and  the  following  experiments  on  animals. 

8  Jour.  Med.  Research,  1908,  xvi. 

DISCUSSION. 

Dr.  E.  Libman,  New  York:  In  cases  of  furunculosis  I  have  seen 
better  results  from  the  use  of  the  leucocyte  extract  than  from  that  of 
vaccines.  I  would  like  to  ask  Dr.  Hiss  whether  he  has  seen  any 
anaphylactic  reactions,  and  how  often.  I  observed  in  one  case  an 
urticarial  rash  with  temperature  elevation  after  the  fourth  injection, 
the  latter  l)eing  given  within  a  few  days  after  the  first.  The 
symptoms  rapidly  subsided. 


Harris.] 


ANTIRABIC   IMMUNIZATION.  75 


THE    PRODUCTION    OF    ANTIRABIC    IMMUNITY    BY    INTRASPINAL 

INJECTIONS  OF   VIRUS. 

Dr.  D.  L.  Haeris,  Bacteriologist  to  Hospital  Department,  St.  Louis,  Mo. 

The  object  of  this  paper  is  to  present  the  results  of  an  attempt  to 
produce  a  rapid  antirabic  immunity  by  direct  immunization  of  the 
brain  cells. 

The  method  devised  by  Pasteur  for  the  prevention  of  hydrophobia 
limited  this  work  to  large  and  well-equipped  laboratories  and  required 
the  patient  to  undergo  treatment  for  a  period  of  three  weeks  or  more. 
Several  modifications  have  been  adopted  from  time  to  time,  which 
have  made  the  work  of  preparing  the  material  less  onerous  and  the 
treatment  more  available  to  the  public,  especially  to  those  patients 
living  at  a  distance  from  such  a  laboratory.  In  all  antirabic  institutes, 
whatever  modification  may  have  been  adopted  in  the  preparation 
of  the  material,  the  treatment  consists  in  a  number  of  injections  into 
the  abdominal  wall.  The  result  of  this  is  an  indirect  immunization 
of  the  brain  cells  against  the  infective  agent.  In  spite  of  all  treat- 
ment, however,  a  small  number  of  the  patients  die  before  immunity 
can  be  established. 

During  the  past  year  I  have  described  a  method  for  preserving  the 
virus  used  in  antirabic  immunization.  This,  in  brief,  consists  in 
freezing  with  carbon  dioxide  snow  the  brain  and  cord  of  a  rabbit 
infected  with  the  disease  and  drying  these  in  a  vacuum  at  a  tem- 
perature of  —10°  C.  Material  prepared  in  this  manner,  and  kept 
free  from  moisture  in  an  ice  box  (10°  C.)  loses  its  infectivity  so 
slowly  that  after  a  preservation  of  40  weeks  one-tenth  of  a  milli- 
gram, when  injected  subdurally,  will  produce  paresis  in  a  rabbit  in 
7  days;  in  other  words,  after  8  months  of  desiccation,  its  infectivity 
is  equal  to  that  of  Pasteur's  2-day  cord. 

In  testing  the  desiccated  material  from  time  to  time  to  determine 
the  effect  of  time,  temperature,  and  light  on  the  rate  of  loss  of  in- 
fectivity, I  observed  that  some  rabbits  which  had  received  subdurally 
a  quantity  of  the  virus  slightly  less  than  the  minimal  infective  dose 
developed  an  appreciable  and  determinable  immunity  against  sub- 
sequent subdural  inoculations. 

Ten  rabbits  were  immunized  in  this  manner,  and  the  degree  of 
immunity  thus  acquired  was  ascertained  by  one  or  more  later  tests. 
Of  these  ten,  six  resisted  an  injection  sufficient  to  kill  untreated  con- 
trols. One  did  not  develop  the  disease  after  an  injection  of  twice 
the  minimal  infective  dose.  One  survived  the  injection  of  100  mini- 
mal infective  doses.  Two  died  on  the  fifteenth  and  seventeenth  days, 
respectively,  after  the  injection  of  twice  the  minimal  infective  dose. 

Of  seven  rabbits  that  survived  the  first  test,  four  were  inoculated 
later  with  10  minimal  infective  doses  of  street  virus.     Two  survived 


76        SECTION   I.    HYGIENIC   MICROBIOLOGY   AND   PARASITOLOGY. 

and  two  died  on  the  eighteenth  day.  Table  No.  1 x  gives  the  results 
of  these  experiments  in  detail.  All  injections  were  made  under  the 
dura  after  trephining. 

Tests  made  in  one  lot  of  material  which  had  been  kept  for  some 
months  at  room  temperature  in  daylight  showed  this  to  be  non- 
infective,  and  it  was  observed  that  the  rabbit  inoculated  with  this 
material  had  also  acquired  an  immunity.     (Table  I.  R.  No.  9.) 

Following  this  a  number  of  rabbits  were  given  larger  quantities  of 
noninfective  material  intraspinally. 

In  these  experiments,  the  details  of  which  will  be  seen  in  Table 
No.  2,2  rabbits  1,  2,  and  3  were  injected  intraspinally  with  material 
which  had  been  kept  in  an  ice  box  for  66  days,  and  then  in  the  light 
at  room  temperature  for  219  days.  Rabbits  4,  5,  and  6  were  injected 
with  material  that  had  been  kept  in  a  north  window,  room  tempera- 
ture, for  11  months.  When  these  six  were  injected  the  technic  of 
making  the  spinal  puncture  was  undeveloped,  and  it  was  suspected 
at  the  time  that  the  needle  had  not  entered  the  spinal  canal  of  rab- 
bits Nos.  1  and  4.  Their  susceptibility  to  a  later  inoculation  of  four 
minimal  infective  doses  showed  this  suspicion  to  have  been  well 
founded.  Rabbits  Nos.  7  to  19  were  injected  with  material  which 
had  been  in  the  dark  at  room  temperature  for  eight  months.  Rab- 
bits 20  to  23  were  injected  with  material  which  had  been  kept  in 
the  presence  of  P205,  which,  it  has  been  demonstrated,  causes  a  rela- 
tively rapid  destruction  of  virulence. 

Rabbits  No.  24  to  27  were  injected  with  desiccated  street  virus 
whose  infectivity  had  been  destroyed  by  placing  it  in  direct  sunlight 
(west  window)  for  three  weeks.  The  material  was  obtained  from 
a  case  of  rabies  in  a  woman  and  was  the  brain  of  a  rabbit,  first  pas- 
sage. It  had  been  desiccated  five  months.  It  will  be  seen  that 
three  of  these  rabbits  were  not  immune  to  10  minimal  infective  doses 
14  days  after  the  injection,  but  that  the  fourth  resisted  a  similar 
inoculation  28  days  later.  The  action  of  direct  sunlight  may  have 
been  a  factor  in  lessening  the  immunizing  capacity  of  the  material. 
It  is  of  interest  to  note  that  street  virus  may  be  used  for  immuniza- 
tion by  this  method. 

Rabbit  No.  28  was  injected  subdurally  (trephine)  with  material 
which  had  been  kept  in  an  ice  box  for  7  months,  and  in  one  of  the 
laboratory  rooms  in  daylight  for  39  days.  Rabbit  No.  29  is  the 
same  as  No.  7,  and,  after  surviving  this  test,  was  reinoculated  44 
days  later. 

These  experiments  show  that  the  brain  of  a  rabbit  may  be  directly 
immunized  by  a  single  intraspinal  injection  of  nonvirulent  material 
to  such  a  degree  that  two  weeks  later  the  animal  successfully  with- 
stand ;:  subdural  injection  of  10  to  20  times  an  otherwise  fatal  dose. 
The  immunity  is  acquired  so  rapidly  that  the  intraspinal  injection 
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of  5  milligrams  or  more  will*  protect  against  a  simultaneous  inocula- 
tion of  a  minimal  infective  dose  injected  subdurally  (trephine). 

Similar  experiments  were  made  on  dogs,  as  follows:  Three  dogs 
were  injected  by  lumbar  puncture  with  50  milligrams  of  noninfective 
material,  and  16  days  later  were  inoculated  under  the  dura  with  -^ 
milligram  of  the  medulla  of  a  rabid  dog  (desiccated). 

In  another  series  one  dog  was  given  10  milligrams  of  a  non- 
infective  desiccated  brain;  two  dogs  20  milligrams;  two  dogs  40 
milligrams;  and  the  five  were  inoculated  eight  days  later  with  -fa 
milligram  of  desiccated  street  virus.  Two  other  dogs  were  injected 
with  50  and  25  milligrams  intraspinally,  and  at  the  same  time  were 
inoculated  under  the  dura  with  ^  milligram  of  desiccated  street 
virus.  Two  dogs  were  used  as  controls.  The  estimated  amount  of 
infective  virus  received  by  each  of  these  12  dogs  was  five  times  the 
infective  dose  for  rabbits. 

One  of  the  control  dogs  developed  furious  rabies  on  the  fourteenth 
day.  The  other  control  became  emaciated  5  weeks  later;  on  the 
forty-fourth  day  refused  food,  and  died  on  the  forty-sixth  day  after 
a  paralysis  which  developed  a  few  hours  earlier.  The  autopsy  did 
not  reveal  any  cause  of.  death  and  Negri  bodies  were  not  found  in 
the  brain.  One  of  the  two  dogs,  inoculated  and  immunized  at  the 
same  time,  became  extremely  emaciated  5  weeks  later,  developed 
paralysis  on  the  thirty-sixth  day,  and  died  on  the  thirty-eighth  day. 
The  remainder  of  the  immunized  dogs  have  shown  no  recognizable 
injury  following  the  inoculation. 

The  above  experiments  seem  to  show  that  it  is  comparatively  easy 
to  immunize  rabbits  against  rabies  by  a  single  intraspinal  injection 
of  noninfective  desiccated  "  virus,"  and  that  the  resulting  immunity 
is  acquired  with  surprising  rapidity.  The  test  on  the  dogs  is  some- 
what unsatisfactory,  because  the  amount  inoculated  was  too  small 
to  produce  a  definite  and  early  outbreak  of  the  disease  in  both  con- 
trol animals.  It  does  appear,  however,  that  the  intraspinal  injec- 
tion is  not  followed  by  any  ill  results. 

Whether  or  not  fixed  virus  may  be  rendered  noninfective  by 
methods  other  than  the  one  I  have  employed  without  at  the  same  time 
lessening  its  immunizing  value  is  a  question  which  offers  an  oppor- 
tunity for  further  investigation.  It  appears  that  the  material  whose 
infectivity  was  destroyed  by  P205,  and  by  direct  sunlight,  did  not 
liave  as  great  an  immunizing  value  as  the  material  which  had  been 
allowed  to  die  more  slowly. 

If  further  investigations  show  that  the  intraspinal  injections  of 
this  material  are  harmless  to  animals,  and  that  immunity  is  regu- 
larly and  rapidly  conferred,  we  may  be  in  possession  of  a  means  of 
saving  some  of  those  patients  who  have  received  severe  injuries 
about  the  face  and  who  now  succumb  in  spite  of  the  treatment  em- 
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ployed  at  the  present  time.  Another  advantage  of  this  method  is 
that  the  immunizing  property  of  the  material  I  have  used  is  not 
affected  by  age,  and  it  may  be  stored  in  quantity  and  kept  anywhere 
for  immediate  use. 

1  Table  No.  1. 


Rabbit. 

Amount 
of  first 
inocula- 
tion (in 
minimal 
infective 
doses). 

Time  of 
second 
inocula- 
tion. 

Amount 
(in  mini- 
mal in- 
fective 
doses.) 
F.V. 

Time  of 
third 

inocula- 
tion. 

Amount 
(in  mini- 
mal infec- 
tive doses 
of  street 
virus). 

Result. 

No.  1 

i 

i 

§ 
i 

4 
A 

1    1 

4 

Days. 
30 
58 
29 
43 
43 
27 
27 
78 
27 
36 

2 
2 
2 
1 

1 
1 
1 
1 
1 
100 

Days. 

Died  fifteenth  day. 
Died  seventeenth  day. 
Immune. 

No.  2 

No.  3 

No.  4 

72 
72 

78 
107 
107 
107 

55 

10 
10 

10 

10 

100 

200 

200 

Died. 

No.  5 

Do. 

No.  6 

Immune. 

No.  7 

Do. 

No.  8 

Died. 

No.  9 

Do. 

No. 10 

Do. 

i  Milligram. 

2  Table  No.  2. 


Rabbit. 

Amount  injected. 

Time  of  inoculation. 

Amount  in 
minimal 
infective 
doses  of 

fixed  virus. 

Result. 

No.  1... 
No.  2... 

20  milligrams  of  fixed  virus 

do 

10  days  later 

do 

4 

4 

4 

4 

4 

4 

1 

2 

5 

10 

10 

15 

10 

20 

20 

30 

20 

20 

10 

2 

5 

10 
20 
4 
10 
20 
10 
10 
10 

Died. 
Immune. 

No.  3... 

do do 

Do. 

No.  4... 

do 

do 

Died. 

No.  5... 

do 

do 

Immune. 

No.  6... 

do 

do 

Do. 

No.  7... 

25  milligrams  of  fixed  virus 

Same  time 

Do. 

No.  8... 

20  milligrams  of  fixed  virus 

do 

Do. 

No.  9... 

5  milligrams  of  fixed  virus 

4  davs  later 

Do. 

No.  10. . 

20  milligrams  of  fixed  virus 

ho 

Died. 

No.  11.. 

5  milligrams  of  fixed  virus 

6  days  later 

Do. 

No.  12.. 

10  milligrams  of  fixed  virus 

do 

Immune. 

No.  13.. 

15  milligrams  of  fixed  virus 

dp 

Do. 

No.  14  . 

5  milligrams  of  fixed  virus 

8  days  later 

Died. 

No.  15 

10  milligrams  of  fixed  virus 

do 

Do. 

No.  16.. 

do 

..do 

Do. 

No.  17.. 

15  milligrams  of  fixed  virus 

do 

Immune. 

No.  18.. 

20  milligrams  of  fixed  virus 

14  days  later 

Died. 

No.  19.. 

do 

15  days  later 

Immune. 

No.  20. . 

20  milligrams  of  fixed  virus  (P2O&) 

do 

Same  time 

Died. 

No.  21.. 

14  days  later 

Immune. 

No.  22.. 

do !... 

do 

Died. 

No.  23. . 

do 

do 

Do. 

No.  24.. 

12  milligrams  of  street  virus 

Same  time 

Do. 

14  days  later 

Do. 

No.  26. 

20  milligrams  of  street  virus 

do 

Do. 

No.  27.. 

12  milligrams  of  street  virus 

28  days  later 

Immune. 

No.  28.. 

20  milligrams  of  fixed  virus 

11  days  later 

Do. 

No.  29. . 

25  milligrams  of  fixed  virus 

44  days  later 

Do. 
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THE    ETIOLOGY    OF   TRACHOMA. 

Anna  W.  Williams,  Division  of  Laboratories;  Director  Wm.  H.  Park,  Health 

Department,  City  of  New  York. 

For  the  past  two  years  the  New  York  City  Health  Department  has 
been  studying  trachoma  and  allied  conditions  and  it  plans  to  continue 
these  studies  for  about  two  years  more.  The  full  report  will 
contain  details  of  the  work.  So  far  in  our  investigations  we  may 
summarize  our  results  briefly  under  seven  heads  as  follows: 

I.  Hemoglobinophilic  bacilli  are  found  in  cases  of  "  trachoma  " 
practically    coincidently    with    "  Prowazek   (trachoma)    in- 
clusions." 
II.  These  bacilli  show  the  same  cycle  of  development  as  that  of 
the  "  Prowazek  inclusions." 
III.  These  bacilli  so  far  can  not  be  differentiated  from  B.  of  Koeh- 

Weehs  or  B.  influenzae. 
IV.  Clinically,  cases  beginning  as  acute  contagious  conjunctivitis 
(Koch- Weeks  infection)  may  pass  into  the  condition  known 
as  trachoma. 
V.  The  above  facts  lead  to  the  hypothesis  that  "  trachoma  "  is 
caused  by  infection  with  one  or  more  of  the  group  of  hemo- 
globinophilic bacilli,  producing  primarily  an  acute  inflamma- 
tion, and,  secondarily,  in  susceptible  cases,  a  subacute  and 
chronic  productive  inflammation. 
VI.  Acting  on  this  hypothesis  for  the  past  year  and  a  half  the  acute 
contagious  conjunctivitis  cases  as  well  as  those  of  "  trachoma 
and  allies  "  have  been  closely  followed  and  treated  in  schools 
and  homes.     Now,   there   are   practically   no  new   cases   of 
"  typical  trachoma." 
VII.  An  opportunity  to  test  further  this  hypothesis  is  afforded  by 
the  establishment  of  special  mixed  classes  in  schools  for  the 
isolation,  study,  and  treatment  of  these  cases. 
There  are  just  a  few  points  which  I  wish  to  emphasize  under  each 
of  these  heads. 

I. 

1.  In  all  fresh  untreated  cases  of  papillary  trachoma,  where  the 
Prowazek  (trachoma)  inclusions  were  present,  we  found  the  hemo- 
globinophilic bacilli.  In  many  cases  which  were  old  when  first 
seen,  and  in  a  number  of  recovering  cases  we  found  neither  the 
Prowazek  inclusions  nor  the  hemoglobinophilic  bacillus.  In  the 
rest  of  these  cases  the  inclusions  and  bacilli  were  irregularly  present, 
the  inclusions  generally  in  small  numbers. 

2.  Frequency  of  isolation. — Other  investigators  have  isolated  mem- 
bers of  this  group  of  bacilli  from  trachoma,  but  not  so  regularly. 
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Our  success  is  probably  due  to  our  special  technic.  This  technic  has 
already  been  published.1 

The  bacilli  often  may  not  be  isolated  because  they  are  so  readily 
overgrown  by  other  microorganisms,  especially  by  the  staphylococcus 
pyogenes,  which,  as  you  know,  is  found  not  seldom  in  inflammations 
of  the  conjunctiva. 

We  hoped  to  obtain  some  help  in  isolating  our  bacillus  from  these 
cases  from  Churchman's  (1912)  gentian-violet-medium  but  have  been 
disappointed,  because  we  found  that  while  this  medium  inhibited 
the  Gram  positive  organisms  in  pure  cultures  it  did  not  appreciably 
inhibit  them  in  mixed  cultures  with  the  blood  medium  used  by  us. 

II. 

Under  head  II  we  wish  to  emphasize  the  resemblance  between  our 
bacilli  and  the  trachoma  inclusions. 

1.  These  bacilli  in  young  cultures  stain  as  the  initial  bodies  of 
Lindner.  Later  they  form  tiny  metachromatic  granules,  passing 
through  a  cycle  similar  to  that  described  for  the  trachoma  inclusions. 

We  have  carried  through  a  number  of  different  varieties  of  bac- 
ateria  found  in  diseased  conjunctivae,  in  order  to  find  out  whether 
other  varieties  show  a  similar  cycle,  and  we  have  found  that  while 
most  of  them  show  a  few  metachromatic  granules  in  later  cultures, 
only  one  variety  shows  them  to  the  extent  seen  in  our  hemoglobino- 
philic  bacilli.  It  is  interesting  to  note,  considering  Hertzog's  hy- 
pothesis that  the  inclusions  are  altered  gonococci,  and  considering 
the  work  done  on  the  finding  of  trachoma  inclusions  in  ophthalmia 
neonatorum  and  in  vaginal  and  urethral  cells,  that  the  other  variety 
is  the  gonococcus.  We  have  found  in  certain  cases  of  gonorrheal 
ophthalmia  all  stages  of  inclusions  from  gonococcal  forms  up  to 
metachromatic  granular  forms,  and  we  haye  found  certain  minute 
differences  between  this  series  of  changes  (corresponding  with  those 
found  in  pure  cultures  of  the  gonococci)  and  the  series  of  changes 
seen  in  the  inclusions  of  chronic  conjunctivitis  cases  in  which  we  have 
found  the  hemoglobinophilic  bacilli,  where  again  we  find  a  complete 
series  of  changes  in  the  inclusions,  from  definite  bacillus  forms  up  to 
metachromatic  granular  groups;  these,  also,  as  I  have  said,  corre- 
sponding with  the  changes  observed  in  pure  cultures. 

The  chief  differences  so  far  observed  in  the  cycle  of  these  two 
species  of  bacteria  is  that,  in  the  gonococcus,  the  groups  are  more 
dense  and  the  metachromatic  granules  are  finally  smaller  than  in  the 
hemoglobinophilic  bacilli. 

From  these  observations,  it  seems  to  me  quite  probable  that  the 
gonococci,  as  well  as  the  hemoglobinophilic  bacilli,  produce  so-called 
"  Chalmydozoal,  Prowazek,  or  Trachoma  inclusions." 


WnUama.]  ETIOLOGY  OF   TRACHOMA.  81 

Of  course,  there  may  be  cases  of  mixed  infection.  If  these  are 
facts,  they  explain  all  of  the  recent  contradictory  findings  in  gonor- 
rhoea!, as  well  as  in  papillary,  conjunctivitis  (trachoma)  cases.  This 
hypothesis  also  explains  Dr.  Noguchi's  (1911)  findings  in  his  series 
of  gonorrhoeal  ophthalmias  showing  the  Prowazek  inclusions. 

In  regard  to  the  etiology  of  trachoma,  however,  we  must  still  con- 
sider two  important  series  of  investigations — one,  animal  experi- 
ments, and  the  other  filtration  experiments. 

A  number  of  investigators  have  reported  the  production  of 
trachoma  in  the  conjunctiva  of  Pavian  monkeys,  after  suitable  in- 
oculations. Unfortunately,  we  have  had,  so  far,  only  a  few  Macacus 
species  with  which  to  work,  and  in  one  out  of  four  we  have  gotten  a 
moderate  subacute  conjunctivitis,  without  inclusions,  after  inocula- 
tions with  our  bacilli  from  which  we  recovered  the  bacillus. 

In  regard  to  filtration,  it  has  been  claimed  that  the  virus  of 
trachoma  is  filterable.  The  results  of  these  investigations  are  still 
under  discussion.  I  can  only  say  that  we  are  just  starting  experi- 
ments on  the  filterability  of  our  small  bacilli,  especially  with  cultures 
at  different  stages,  in  order  to  determine  the  passage  of  the  tiny 
granules;  for,  without  doubt,  as  with  other  bacilli,  some  of  these 
granules  at  a  certain  stage  of  their  growth  represent  the  last  living 
element  of  the  bacilli.  With  sufficient  dilution  arid  pressure  they 
may  with  comparative  ease  pass  at  least  some  of  the  coarser  filters. 

III. 

Under  the  third  heading  I  wish  to  call  attention  to  the  following 
points : 

1.  Our  bacilli  with  the  influenza  bacilli,  as  well  as  all  of  the  many 
strains  of  Koch- Weeks  bacilli  with  which  we  have  worked,  are  so 
far,  strict  hemoglobinophiles  in  pure  cultures. 

Those  observers  who  have  obtained  successive  growth  of  the  Koch- 
Weeks  bacillus  on  serum,  must  have  used  serum  which  contained  a 
small  amount  of  hemoglobin.  These  bacilli  will  grow  in  serum 
containing  1 :  1000  blood,  which  means  a  quantity  of  hemoglobin  that 
can  not  be  detected  by  ordinary  tests.  The  spectroscope  does  not 
discover  this  amount.  We  have  found  only  Adler's  benzidene  test 
positive. 

2.  All  the  other  tests  we  have  used  to  differentiate  these  strains, 
such  as  complement  deviation,  simple  and  acid  agglutination,  etc., 
have,  so  far,  shown  no  clear-cut  differences  between  them.  There  is 
no  doubt,  however,  reasoning  from  the  findings  in  other  similar  bac- 
terial groups,  that  there  are,  at  least,  distinct  varieties  among  them, 
and  that  there  are  variations  in  pathogenicity  which  could  account 
for  the  different  clinical  findings. 
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IV. 

Under  the  fourth  heading  we  consider  the  clinical  study  of  our 
cases. 

The  relationship  between  acute  contagious  conjunctivitis  and  tra- 
choma has  often  been  discussed.  But  very  few  observers  have  had,  or 
have  taken  the  opportunity  (judging  from  published  reports)  to  follow 
cases  beginning  as  acute  contagious  conjunctivities  through  a  series 
of  attacks  until  a  subacute  and  chronic  condition  is  reached  with  all 
of  the  earmarks  of  trachoma.  We  have,  apparently,  been  able  to 
do  this  in  a  certain  number  of  cases,  and  obtained,  apparently,  good 
histories  in  a  certain  number  of  other  cases,  not  only  in  New  York 
City,  but  in  the  Kentucky  Mountains  where  trachoma  is  in  evidence. 
This  has  materially  aided  us  in  reaching  our  conclusion,  that,  clinic- 
ally, cases  of  trachoma  are  intimately  related  to  acute  contagious 
conjunctivitis. 

V,  VI,  AND  VII. 

Our  hypothesis  in  regard  to  the  etiology  of  trachoma,  which  is 
given  under  the  fifth  heading,  requires  much  study  before  it  can  be 
proved;  but,  considering  the  results  stated  in  the  sixth  heading, 
practically,  we  are  justified  in  using  it  as  a  working  hypothesis. 
And,  in  the  immediate  future,  with  the  establishment  of  the  special 
mixed  classes  the  Board  of  Education  has  allowed  us,  we  hope  that 
while  we  are  attempting  to  cure  and  stamp  out  the  disease,  we  may 
at  the  same  time  add  material  to  the  evidence  as  to  the  nature  of 
trachoma,  at  least  in  our  New  York  City  school  children. 

1  Significance  of  the  group  of  hemophilic  bacilli  in  conjunctivitis,  especially 
in  that  of  trachoma.  Proceedings  of  N.  Y.  Path.  soc.  an.  10-1912;  New  York 
Med.  J.,  Mar.  16,  1912. 

DISCUSSION. 

K.  Landsteiner  fragt  an,  ob  irgend  ein  Unterschied  zwischen  den 
von  Williams  beobachteten  Bacillen  und  dem  von  Miiller  als  Ursache 
des  Trachoms  vermutheten  haemoglobinophilen  Bacillus  besteht. 


WEDNESDAY  MORNING,  SEPTEMBER  25,  1912. 

PAEATYPHUS  UND  PARATYPHUS-AHNLICHE  BAKTERIEN  MIT 
BESONDERER  BERUCKSICHTIGUNG  IHRER  VERBREITUNG  IN 
DER  AUSSENWELT  UND  IHRER  BEZIEHUNGEN  ZU  MENSCH  UND 
TIER. 

A.  Weber,  Dr.  med..  Geb.  Reg.  Rat,  Direktor  der  bakteriologiscbeu  Abteilung 
des  Kaiserlicben  Gesundheitsnmtes,  Berlin. 

Auf  dem  XIV.  Internationalen  Kongress  fiir  Hygiene  und  Demo- 
graphie,  Berlin  1907,  erstatteten  Babes  und  Lojfler  Referate  iiber  die 
Bazillen  der  Typhusgruppe,  in  denen  sie  den  dankenswerten  Versuch 
machten,  die  grosse  Anzahl  der  hierhergehorigen,  verschiedenartigen 
Bakterien  in  besondere,  umschriebene  Gruppen  und  Untergruppen 
einzuteilen,  und  so  auf  diesem  noch  etwas  verworren  liegenden 
Gebiete  durch  Aufstellung  einer  bestimmten  Klassifikation  bessere 
Uebersicht  und  Ordnung  zu  schaft'en.  Lofjier  hat  dabei  alle  in  Be- 
tracht  kommenden,  von  ihm  mit  dem  Sammelnamen  Tj^phaceen 
bezeichneten  Bakterienarten  nach  ihrem  kulturellen  Verhalten  gegen- 
iiber  seinen  beiden  Griinlosungen  in  die  3  Hauptgruppen  der  Typha- 
ceae,  der  Josarceae  und  der  Coleae  zusammengefasst  und  bei  diesen 
wieder  nach  dem  serologischen  Verhalten  wie  bezgl.  der  Pathogenitat 
verschiedene  Untergruppen  aufgestellt. 

Im  Anschluss  an  die  beiden  Referate  von  Babes  und  Lofjier  wurde 
dann  von  Sektion  I  des  Kongresses  f olgender  Beschluss  gef asst : 

"  Um  die  Erkenntniss  der  iiberaus  wichtigen  Bakterien  der  Typha- 
ceen  zu  fordern,  sollen  eingehende  vergleichende  Untersuchungen  der 
samtlichen  zu  den  Bakterien  der  Typhusgruppe  gehorenden  Orga- 
nismen  vorgenommen  werden." 

Mit  diesen  Untersuchungen  wurden  7  Institute  betraut,  und 
bestimmt,  dass  iiber  die  Resultate  auf  dem  nachsten  internationalen 
Hygienekongress  berichtet  werden  sollte. 

Ich  habe  die  Ehre,  Ihnen  iiber  die  im  Kaiserlich  Deutschen  Reichs- 
gesundheitsamt  in  Berlin  unter  Leitung  meines  Amtsvorgiingers 
Geheimen  Regierungsrat  Professor  Dr.  Uhlenhuth  ausgefiihrten, 
insbesendere  die  Bakterien  der  Paratyphusgruppe  betreffenden 
Untersuchen  Mitteilung  zu  machen. 

Nach  diesen  Untersuchungen  lassen  sich  in  der  Tat  die  verschie- 
denen  der  Typhusgruppe  zuzurechnenden  Bakterienarten  auf  Grund 
ihres  Wachstums  in  den  erwahnten  Loffler'schen  Nahrmedien  im 
allgemeinen  nach  3  grossen  Gruppen  abteilen,  wobei  allerdings  das 
Verhalten  eines  Stammes  gegeniiber  den  beiden  Griinlosungen  immer 
nur  einen  gewissen  Anhaltspunkt  iiber  seine  Stellung  gibt,  wahrend 
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zu  seiner  naheren  Bestimmung  die  Heranziehung  weiterer  Nahrboden 
notwendig  ist.  Ebenso  gibt  eine  erweiterte  kulturelle  Priifung  erst 
Aufschluss  iiber  die  zahlreichen  zwischen  den  einzelnen  Gruppen 
stehenden  Uebergangsvarietaten. 

Im  allgemeinen  werden  jetzt  wohl  ziemlich  iibereinstimmend  fur 
die  genauere  kulturelle  Differentialdiagnose  der  der  Typhusgruppe' 
zuzurechnenden  Bakterien  ausser  den  beiden  Lofflerlosungen  haupt- 
sachlich  noch  9  andere  Nahrmedien,  namlich  Milch,  Lackmusmolke, 
die  Nahrlosungen  Barsiekow  I  u.  II,  die  Nahrlosung  nach  Hetsch, 
Neutralrotagar,  Orceinagar,  sowie  Traubenzucker-  und  Milchzucker- 
bouillon  verwertet.  Eine  moglichst  einheitliche  und  an  alien  in 
Betracht  kommenden  Stellen  gleichmassig  durchgefuhrte  Benutzung 
solcher  bestimmten  Nahrsubstrate  konnte  fiir  die  Erkenntnis  der 
kulturellen  Verhaltnisse  bei  den  hierhergehorigen  Bakterien  wie  fur 
die  Erzielung  ubereinstimmender  Resultate  nur  forderlich  sein. 

Bei  den  im  Kaiserlichen  Gesundheitsamt  durchgefiihrten  Unter- 
suchungen  sind  die  genannten  Nahrboden  jedenfalls  regelmassig 
herangezogen  und  die  besten  Erfahrungen  damit  gemacht  worden,  so 
dass  dieses  Vorgehen  in  jeder  Hinsicht  nur  bestens  empfohlen  werden 
kann.  Die  nachstehende  Tabelle  enthalt  eine  Zusammenstellung  des 
Wachs turns  der  hauptsachlichsten  Vertreter  der  der  Typhusgruppe 
zuzurechnenden  Bakterien  auf  den  angefiihrten  Nahrboden. 
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Es  ist  dabei  allerdings  zu  erwahnen,  dass  die  Tabelle  nur  eine 
schematische  Uebersicht  iiber  die  Wachstumsverhaltnisse  der  einzel- 
nen  Bakterienstamme  gibt,  da  bei  Priifung  einer  grossen  Anzahl  von 
Kulturen  derselben  Art,  sich  doch  mitunter  mehr  oder  weniger  stark 
ausgesprochene  Schwankungen  bezgl.  der  Intensitat  des  chemischen 
Reaktionsausfalles  auf  dem  einen  oder  dem  anderen  Nahrboden  gel- 
tend  machen  konnen,  die  zum  Teil  allerdings  auch  von  der  Art  der 
verwendeten  Zuckerpraparate  (Ditthom)  abhangen.  Im  allgemeinen 
darf  man  aber  doch  das  in  der  Tabelle  angegebene  Verhalten  als 
das  fur  die  einzelnen  Bakterienarten  charakteristische  bezeichnen. 

Vergleicht  man  an  der  Hand  dieser  tabellarischen  Zusammenstel- 
lung  das  Wachstum  der  verschiedenen  Bakterienarten,  so  lassen  sich 
auch  hier  nach  dem  kulturellen  Verhalten  auf  den  genannten  Nahr- 
boden 3  Hauptgruppen  abtrennen,  namlich : 

A.  Die  Typhusgruppe  in  engerem  Sinne,  der  hinsichtlich  der  kul- 
turellen Eigenschaften  auch  die  verschiedenen  Ruhrerreger  nahe- 
stehen ; 

B.  Die  G^uppe  des  Bazillus  Paratyphi  B,  des  Bac.  enteritidis 
Gartner  und  der  Kulturell  gleichen  Baktericuarten ; 

C.  Die  Gruppe  der  Colibakterien. 
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Dazwischen  finden  sich  zahlreiche  verschiedene  Uebergangsva- 
rietaten,  welche  sich  in  kultureller  Hinsicht  mehr  der  einen  oder  der 
anderen  Gruppe  naheren,  und  von  denen  in  der  Tabelle  ausser  dem 
zwischen  der  Typhusgruppe  und  der  Gruppe  des  Paratyphus  B 
stehenden  Bazillus  Paratyphi  A  zwei  von  Gldsser  und  Dammann 
aus  Schweinen  isolierte  und  als  Erreger  einer  besonderen  bazillaren 
Form  der  Schweinepest  angesprochene  Stamme,  namlich  der  Bazil- 
lus typhi  suis  Glasser  und  der  Bazillus  suipestifer  Voldagsen  auf- 
gef  iihrt  sind.  Auf  diese  beiden  Bakterienarten  wird  bei  Besprechung 
der  Paratyphusgruppe  noeh  des  Naheren  zuriickzukommen  sein. 

Der  Gruppe  B,  mit  welcher  sich  hauptsachlich  die  weiteren  Aus- 
fuhrungen  befassen  sollen,  gehoren  nun  ausser  dem  eigentlichen  Ba- 
zillus Paratyphi  B  Schottmuller  und  den  bei  den  Gruppenerkran- 
kungen  in  Breslau,  Meirelbeck,  Diisseldorf,  Sirault,  Aertryck,  Neun- 
kirchen,  Greifswald  u.  s.  w.  isolierten  Paratyphus  B  gleichen  Stam- 
men,  der  Bazillus  typhi  murium,  der  Bazillus  der  Psittacose,  der 
Bazillus  suipestifer  und,  wie  erwahnt,  ausserdem  der  Bazillus  en- 
teritidis Gartner,  die  bei  den  Epidemien  von  Moorseele,  Gent,  Kum- 
fleth,  Haustedt,  Brugge  gefundenen,  ihm  gleichen  Bakterien,  sowie 
die  als  Eattenschadlinge  bekannten,  von  Danysz,  Dunbar,  Issat- 
schenko  u.  a.  bei  Rattenepizootien  gezuchteten  Kulturen  an.  Eben- 
falls  ihr  zuzurechnen  sind  ferner  die  bei  den  Fleischvergiftungen 
in  Lassan  und  Barth  gewonnenen  Kulturen,  der  Bazillus  Paratyphi 
C.  ( Uhlenhuth,  Hubener)  sowie  die  weiteren  von  zahlreichen  Autoren 
(Titze,  Weichel,  Schmidt,  Muller,  Sobemheim,  Seligmann,  Jahobitz 
u.  Kayser,  Rimpau,  Haendel  u.  Gildemeister,  Messerschmidt  u.  a.) 
gefundenen  Stamme,  welche  sich  kulturell  ebenfalls  vollkommen  wie 
der  Bazillus  Paratyphi  B  und  der  Bazillus  enteritidis  Gartner  ver- 
halten,  aber  zu  diesen  in  serologischer  Hinsicht  keine  Beziehung 
aufweisen. 

Die  Gruppe  umfasst  also  im  Wesentlichen  die  Stamme,  welche 
man  friiher  mit  verschiedenen  Sammelnamen  wie  Hog-Cholera-,  Sal- 
monella-, Flugge-Kaensche  Gruppe  und  in  neuerer  Zeit  meist  unter 
der  Bezeichnung  Paratyphusgruppe  zusammengefasst  hat.  Nicht 
verfehlen  mochte  ich  an  dieser  Stelle  darauf  hinzuweisen,  dass  unser 
sehr  verehrter  Vorsitzender,  Herr  Professor  Theobald  Smith  der 
erste  war,  der  im  Jahre  1894,  noch  vor  Entdeckung  der  spezifischen 
Fleischvergiftungsbakterien  die  verwandtschaftlichen  Beziehungen 
des  Hogcholerabazillus  zu  andern  Bakterien  auf  Grund  morpholo- 
gischer  und  biologischer  Merkmale  festzustellen  versuchte.  Er  war 
es,  der  die  Hogcholera-  oder  Salmonellagruppe  aufstellte,  in  die  er 
ausser  dem  Bazillus  suipestifer  den  Bazillus  typhi  murium,  den  Ba- 
zillus enteritidis  Gartner  und  einen  aus  Abortus  seiner  Stute 
gezuchteten  Bazillus  rechnete.  x  Vgl.  hiezu  auch  die  in  neuester  Zeit 
erschienene  Arbeit  von  de  Jong,  Uber  einen  Bacillus  der  Paratyphus 
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B   Enteritisgruppe   als   Ursache   eines   seuchenhaften    Abortus   der 
Stute.    Centralbl.  f.  Bakteriologie,  Abt  I,  Orig.  Bd.  67,  Heft.  3,  8. 

148. 

Allerdings  diirfte  es  sich  auch  unseres  Erachtens  entsprechend  der 
neuerdings  von  Soberheim  aufgestellten  Forderung  empfehlen,  diese 
Sammelnamen  in  erster  Linie  nur  auf  die  Stiimme,  welche  sich  nicht 
nur  kulturell,  sondern  auch  serologisch  dem  Bazillus  Paratyphi  B 
Schottmiiller  gleich  verhalten,  zu  beschranken,  und  nicht  ohne 
weiteres  auch  auf  die  in  ihrem  serologischen  Verhalten  von  den 
Paratyphusbazillen  verschiedenen  Kulturen,  wie  zum  Beispiel  die 
Stamme  der  Gartnergruppe  auszudehnen,  da  es  sich  in  beiden  Fallen 
zwar  um  nahe  verwandte,  aber  doch  im  allgemeinen  einheitlich  fiir 
sich  abgrenzbare  Bakterienarten  hahdelt,  wenn  gleich  sich  bei  ihnen, 
wie  neuere  Untersuchungen  (Sobemheim  u.  Seligmann,  Lentz, 
Rimpau,  Haendel  u.  Gildemeister,  BarthZein  u.  a.)  gezeight  haben,  in 
dieser  Hinsicht  auch  in  ihrem  serologischen  Verhalten  auffallende 
Schwankungen  und  eigenartige  Verschiebungen  geltend  machen 
konnen. 

Trotz  dieser  spater  noch  zu  besprechenden  Veriinderlichkeiten  wird 
aber  doch  daran  festzuhalten  sein,  die  Paratyphus-  und  Giirtnerbak- 
terien  als  besondere  mit  Hilfe  der  Immunitatsreaktionen  differenzier- 
bare  Arten  anzusehen,  wie  dies  zuerst  von  Uhlenhuth  festgestellt 
worden  ist.  In  morphologischer  und  kultureller  Hinsicht  lassen  sich 
allerdings  bei  ihnen  nach  den  bisherigen  Untersuchungen  keine  kon- 
stanten,  deutlich  ausgesprochenen  Unterschiede  feststellen.  Die  von 
Babes  erwiihnte  Verschiedenheit  in  der  Begeisselung  des  Paratyphus 
B-  und  des  Gartnerbazillus  ist  nicht  so  deutlich  ausgesprochen,  dass 
sie  fiir  eine  Differenzierung  verwertet  werden  konnte,  ebenso  sind  die 
von  Babes  erwahnten  kulturellen  Unterschiede,  wonach  die  Giirtner- 
bazillen  Neutralrot  und  Orcein  energischer  verfiirben  wie  die  Para- 
typhusbakterien  nicht  so  gleichmassig  und  durchgreifend,  dass  da- 
nach  eine  Trennung  vorgenommen  werden  konnte.  Auch  die  von 
einzelnen  Autoren  (Savage,  Schern  u.  a.)  auf  besonderen  Nahrboden 
beobachteten  Differenzen  finden  sich  nicht  konstant. 

Dagegen  scheinen  in  anderer  Hinsicht  vielleicht  doch  durchgreifen- 
dere  kulturelle  Unterschiede  bei  beiden  Gruppen  zu  bestehen.  Nach 
von  Barthlein  im  Kaiserlichen  Gesundheitsamt  durchgefiihrten 
Untersuchungen  lassen  sich  niimlich  anscheinend  bei  alien  Bak- 
terienarten unter  bestimmten  Bedingungen  eigenartige,  plotzlich 
einsetzende  Abspaltungsvorgiinge  feststellen,  welche  wir  als  Muta- 
tionsvorgiinge  aufzufassen  geneigt  sind,  und  die  in  der  Weise  in 
Erscheinung  treten,  dass  auf  der  gewohnlichen  Agarplatte  dieselbe 
Bakterienart  gleichzeitig  in  verschiedenen  Kolonieformen  wiichst, 
welche  sich  jeweils  wieder  aus  morphologisch  differenten  Bakterien 
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zusammensetzen.  Die  mutierten  Kolonieformen  zeigen  nun  bei  den 
einzelnen  Bakterienarten  im  allgemeinen — auf  die  genaueren  Einzel- 
heiten  kann  im  Rahmen  dieses  Referates  nicht  naher  eingegangen 
werden,  es  sei  vielmehr  verwiesen  auf  die  in  Band  40  der  Arbeiten 
aus  dem  Kaiserlichen  Gesundheitsamt  erschienene  Arbeit  von 
Barthlein — ein  charakteristisches  Aussehen,  so  dass  in  manchen 
Fallen  schon  aus  der  Koloniebildung  in  gewissem  Sinne  ein  Schluss 
auf  die  Zugehorigkeit  einer  Kultur  zu  einer  bestimmten  Bak- 
terienart  gezogen  werden  kann. 

Die  mutierenden  Gartnerstamme  wachsen  nun  auf  der  Agarplatte 
regelmassig  auch  in  fur  sie  ganz  charakteristischen,  kleinen, 
gelbweissen,  bei  durchfallendem  Licht  stark  perlmutterartig  irisieren- 
den  Kolonien,  wahrend  von  den  Bakterien  der  Paratyphusgruppe 
derartige  Formen  nicht  gebildet  werden.  Nur  der  Bacus  der  Pspit- 
tacose  macht  eine  Ausnahme,  auch  bei  ihm  entwickeln  sich  bei  der 
Mutation  dem  Kolonientyp  der  Gartnerstamme  entsprechende  Kolo- 
nieformen. 

Von  dieser  Ausnahme  abgesehen  scheint  hier  aber  ein  bemerkens- 
werter  Unterschied  in  dem  Verhalten  der  Stamme  der  Paratyphus- 
und  Gartnergruppe  wenigstens  nach  den  bisherigen  Beobachtungen 
zu  bestehen. 

Wie  liegen  nun  die  Dinge  bei  gesonderter  Betrachtung  der  der 
Gartner-  und  Paratyphusgruppe  in  engerem  Sinne  zuzurechnenden 
Bakterienarten  ? 

Wenn  wir  uns  zunachst  der  Paratyphusgruppe  zuwenden,  so  hat 
man  auch  hier  zunachst  geglaubt,  durch  kulturelle  Unterschiede  den 
Bac.  Paratyphi  B  Schottmuller  von  den  bei  Fleischvergiftungen 
gefundenen  Paratyphus  B-gieichen  Stammen  und  den  tierpathogenen 
Arten  abtrennen  zu  konnen.  Die  Beobachtung  von  Babes,  wonach 
die  Letzteren  und  die  Fleischvergiftungsstiimme  Malachitgriin 
starker  aufhellen  wie  die  eigentlichen  menschlichen  Paratyphus- 
kulturen  ist  zwar  nicht  selten  zutreffend,  gestattet  aber  keineswegs 
eine  durchgreifende  Scheidung.  Ebenso  hat  sich  die  Feststellung 
von  v.  Drigalski  sowie  von  Fischer,  dass  sich  frisch  isolierte  Para- 
typhus B  Stamme  des  Menschen  auf  der  Blauplatte  durch  die  Bildung 
besonderer  Kolonien  mit  deutlicher  Randumwallung  und  eingesun- 
kenem  Zentrum  auszeichnen,  bei  spateren  Untersuchungen  {Kutscher 
u.  Meinicke,  Trautm,ann  u.  a.)  nicht  als  konstantes  Differenzierungs- 
merkmal  verwerten  lassen. 

Auch  die  interessanten  Befunde  R.  M tillers,  wonach  es  bei  den 
Kolonien  frisch  aus  dem  Menschen  isolierter  Paratyphnsstamme  zur 
Bildung  eines  eigenartigen  Schleimwalles  und  auf  Raffinoseagar  zur 
Eotstehung  kleiner,  den  Kolonien  anfsitzender  Knotchen  kommt, 
wahrend  die  anderen  Stamme,  die  Mausetyphus-  und  dieSchweine- 
pestkulturen  nur  knopflose  Kolonien  entwickeln, sind  noch  nicht  bezgl. 
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ihrer  Konstanz  so  sicher  gestellt,  dass  schon  jetzt  ein  bestimmtes 
Urteil  iiber  den  differentialdiagnostischen  Wert  dieser  Krscheinungen 
abgegeben  werden  kann.  Bei  den  Untersuchungen  Barthlema  iiber 
die  auf  der  Agarplatte  zu  beobachtenden  Mutationsvorgange  haben 
sich  jedenfalls  nach  den  bisherigen  Beobachtungen  keine  durchgrei- 
fenden  Unterschiede  bei  den  verschiedenen  Stiimmen  der  Paraty- 
pliusgruppe  feststellen  lassen,  und  man  kann  sich  nach  allem  nur 
dahin  aussprechen,  dass  auf  Grund  kultureller  Merkmale  eine  Schei- 
dung  des  Bac.  Paratyphi  B  von  den  Fleischvergiftungsstiimmen  und 
den  tierpathogenen  Arten  der  Gruppe  auch  heute  nicht  moglich  ist. 
Aehnlich  liegen  auch  die  Dinge  bezgl.  der  Moglichkeit  einer  Difl'eren- 
zierung  mit  Hilfe  der  biologischen  Immunitatsreaktionen.  Schon 
die  ersten  Untersuchungen  von  Trautmann,  Uhlenhuth,  Kutscher 
u.  Meinicke,  Bock  u.  a.  haben  gezeigt,  dass  auch  bei  diesen  Priifungen 
eine  Trennung  zwischen  dem  Paratyphus  B  Bazillus,  den  entspre- 
chenden  Fleischvergiftern  und  den  tierpathogenen  Arten  nicht  mog- 
lich ist.  Mit  Hilfe  des  Castellanischen  Absattigungsversuchs  wollen 
allerdings  Nishino  zwischen  dem  Paratyphus  B  Bazillus  und  dem 
Mausetyphusbazillus,  sowie  Bainbridge,  Savage  u.  a.  zwischen  den 
Ersteren  und  dem  Bac.  suipestifer  Unterschiede  gefunden  haben. 
Auch  kann  in  der  Tat  schon  nach  fruheren  von  Bock  im  Kaiserlichen 
Gesundheitsamt  ausgefuhrten  Untersuchungen  diese  Methode  bei 
Verwendung  bestimmter  Stamme  derartige  Ergebnisse  liefern,  sie 
versagt  aber  nach  den  Feststellungen  von  Uhlenhuth  u.  Hiibener, 
sobald  die  Versuche  an  einer  sehr  grossen  Zahl  von  Kulturen  vor- 
genommen  werden. 

Entsprechend  haben  auch  die  in  nejierer  Zeit  mit  der  Komplement- 
bindung  (Altmann,  Ballner  u.  Reibmayer)  und  mittelst  der  Anaphy- 
laxie  (Lieverato)  ausgefuhrten  Differenzierungsveruche  zu  negativen 
Ergebnissen  gefiihrt. 

Trotzdem  wir  so  nicht  in  der  Lage  sind,  mit  Hilfe  der  bisher  an- 
gewandten  Methoden  die  einzelnen  Bakterienarten  der  Paratyphus- 
gruppe  sicher  zu  unterscheiden,  so  konnen  wir  sie  andererseits  aber 
auch  noch  nicht  ohne  weiteres  alle,  namentlich  auch  die  verschieden 
tierpathogenen  Stamme,  als  eine  mit  dem  menschlichen  Paratyphus 
B  Bazillus  vollkommen  einheitliche  Art  auffassen,  da  sich  doch  bei 
ihnen  zum  Teil  im  pathogenen  Verhalten,  zum  Teil  auch  in  serolo- 
gischer  Hinsicht  eigenartige,  wenn  auch  nicht  durchgreifende  Ab- 
weichungen  geltend  machen,  welche  noch  weiterer  Klarung  bediirfen 
und  zu  einer  gewissen  Vorsicht  bezgl.  der  Beurteilung  in  dieser 
Hinsicht  mahnen.  Urspriinglich  hatte  man  dazu  geneigt,  als  Grund- 
lage  fiir  eine  Einteilung  und  Abtrennung  der  einzelnen  Arten  ihr 
pathogenes  Verhalten  zu  verwerten,  es  hat  sich  dann  aber  ergeben, 
dass  auch  auf  dieser  Basis  eine  scharfe  Trennung  nicht  durchzu- 
fiihren  ist.     Durch   die  Versuche   zahlreicher   Autoren    (Kutscher- 
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Meinicke,  Shibayama,  Uhlenhuth-Hubener  u.  a.)  wurde  vielmehr 
festgestellt,  dass  grundsatzliche,  durchgreifende  Unterschiede  bei 
den  verschiedenen  Arten  bezgl.  ihrer  Pathogenitat  fiir  kleinere  Ver- 
suchstiere  sowie  fiir  imsere  Schlachttiere  nicht  bestehen,  insbeson- 
dere  hat  Schmitt  den  Nachweis  erbracht,  dass  auch  menschliche  Pa- 
ratyphusstamme  eine  Infektion  der  Schlachttiere  bewirken  konnen. 
Ebenso  hat  es  sich  ferner  gezeigt,  dass  auch  den  tierpathogenen  Arten 
eine  gewisse  Pathogenitat  fiir  den  Menschen  zukommt.  So  ist  nicht 
nur  die  Moglichkeit  einer  Infektion  des  Menschen  durch  Mausety- 
phuskulturen  und  Rattenschadlinge,  sondern  auch  durch  Schweine- 
pestbazillen  sowie  durch  den  Bazillus  der  Psittacose  durch  die  Beob- 
achtungen  von  Trommsdorff,  Fleischanderl,  Meyer,  Shibayama, 
Ungar,  Babes  und  Busila,  Handson  und  Williams,  Silberschmidt, 
Rochi  und  Tiberti,  v.  Slooten,  Dewes  u.  a.  Autoren  erwiesen  worden. 

Vom  Deutschen  Reich  und  von  Preussen  sind  im  Jahre  1905,  vom 
Oesterreichischen  Ministerium  des  Innern  im  Jahre  1910  Verhal- 
tungsmassregeln  zur  Verhiitung  von  Gesundheitsschadigungen  durch 
Beschaftigung  mit  Mausetyphusbazillen  bekannt  gegeben  worden 
(vergl.  Veroffentlichungen  des  Kaiserlichen  Gesundheitsamtes  1905 
S.  332  und  S.  683,  sowie  1910  S.  591). 

Hier  moge  auch  das  Resultat  eines  nicht  veroffentlichten  Selbstver- 
suches,  den  Reg.  Rat.  Dr.  Beck  im  Jahre  1903  im  Kaiserlichen 
Gesundheitsamt  angestellt  hat,  Erwahnung  finden. 

Beck  nahm  2  ccm  einer  48  stiindigen  bei  Zimmertemperatur  in  Ma- 
germilch  gewachsenen  Reinkultur  von  Mausetyphusbazillen  mit  100 
ccm  lauwarmen  Thees  vermischt  zu  sich.  Am  folgenden  Tage  wurde 
of  teres  Gurren  im  Leibe  verspurt ;  am  3.  und  4.  Tage  erf  olgte  geringer 
Durchfall  mit  3-4  maliger  schmerzloser  Entleerung  von  diinnfliis- 
sigem  gallig  gefarbtem  Stuhl.  Das  Allgemeinbefinden  war  in  keiner 
Weise  verandert,  vor  allem  bestand  keine  Temperatursteigerung,  der 
Appetit  war  unverandert  gut.  Im  Stuhlgang  waren  am  3.  Tage 
nach  der  Aufnahme  reichliche  Mengen  von  Mausetyphusbacillen 
nachweisbar.  Im  Ausstrich  auf  Agar-Agar  entwickelte  sich  eine 
Reinkultur  dieser  Stabchen.  Diese  konnten  noch  am  10.  Tage  nach 
Beginn  des  Versuchs  durch  ein  besonderes  Anreicherungsverfahren 
im  Stuhl  festgestellt  werden,  waren  aber  vom  15.  Tage  ab  verschwun- 
den.  Eine  an  dem  selben  Tage  angestellte  Agglutinationsprobe  mit 
dem  Serum  der  Versuchsperson  ergab  noch  bei  einer  Verdiinnung 
von  1 :  300  eine  deutliche  Agglutination. 

Andererseits  ist  aber  auch  zuzugeben,  dass  in  gewisser  Hinsicht 
eine  besondere  Pathogenitat  fiir  bestimmte  Tierarten  bei  den  einzelnen 
Untergruppen  doch  starker  hervortritt.  Es  kann  sich  bei  dieser 
Tatsache  zwar  nur  um  eine  allmahlich  erworbene  Anpassungser- 
schoinung  handeln,  sie  konnte  aber  unter  Umstanden  doch  auch  in 
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bestimmten,  uns  bisher  noch  unbekannten  Differenzen  bei  den  betr. 
Arten  begriindet  sein.  In  dieser  Hinsicht  ist  eine  neuerdings  von 
Haendel  u.  Gildemeister  mitgeteilte  Beobachtung  vielleicht  von  In- 
teresse,  wonach  agglutinierende  Sera,  welche  mit  den  bereits  erwahn- 
ten  von  Gldsser  u.  Dammann  aus  Schweinen  isolierten  Paratyphus- 
ahnlichen  Stammen  gewonnen  waren,  verschiedenevonihnengepriifte 
Pestiferstiimme  ebenfalls  bis  zur  Titergrenze  agglutinierten,  Para- 
typhus  B  Stamme  dagegen  nicht  oder  doch  nicht  in  nennenswerter 
Weise  beeinflussten.  Diese  Beobachtung  war  besonders  auffallend, 
weil  der  Bazillus  typhi  suis  und  der  Dammannsche  Bazillus  sich 
kulturell  nicht  nur  untereinander,  sondern  auch  deutlich  ausge- 
sprochen  von  dem  Wachstum  der  Pestifer-  und  Paratyphusstamme 
unterscheiden.  Der  Bazillus  Gliisser  lasst  Lackmusmolke,  die 
Hetsch'sche  Losung,  sowie  Neutralrot  und  Orcein  unverandert, 
wahrend  der  Bazillus  Voldagsen  Lackmusmolke  und  den  Hetsch?- 
schen  Nahrboden  ebenfalls  unverandert  lasst,  oder  die  ersteren  nur 
leicht  rotet,  dagegen  Neutralrot  und  Orcein  deutlich  aufhellt.  Auf 
Traubenzuckerbouillon  zeigen  die  Kulturen  insofern  ein  schwanken- 
des  Verhalten,  als  beide  hier  bald  Gasbildung  bewirken  bald  nicht. 

Haendel  u.  Gildemeister  konnten  ihre  Beobachtungen  ferner  noch 
dahin  erganzen,  dass  auch  Sera,  welche  sie  mit  von  ihnen  aus  schweine- 
pestkranken  Schweinen  isolierten  Paratyphus  B  gleichen,  aber  fur 
Paratyphus-  und  Gartnersera  inagglutinablen  Stammen  hergestellt 
hatten,  das  gleiche  Verhalten  zeigten  und  ausschliesslich  Glasser- 
und  Voldogsen- Stamme  und,  wenn  auch  nur  in  geringerem  Grade, 
Pestiferkulturen,  nicht  aber  Paratyphus  stamme  agglutinierten. 
Diese  Befunde  sind  an  einem  grossen  Kulturmaterial  von 
Teodoraseu  weiter  verfolgt  und  bestatigt  worden.1  Es  hat 
danach  den  Anschein,  als  ob  sich  unter  den  Paratyphus  B-  und 
Pestiferstammen  nach  dem  agglutinatorischen  Verhalten  gegenuber 
den  betr.  heterologen  Seris  2  Gruppen  abtrennen  lassen,  von  denen 
die  eine,  welche  sich  meist  aus  von  Schweinen  und  Schlachtwaren 
gewonnenen  Kulturen  zusammensetzt,  hoher  beeinflusst  wird  wie  die 
andern,  welche  hauptsachlich  aus  von  Menschen  geziichteten  Para- 
typhus B  Stammen  besteht.  Allerdings  kommen  einzelne  Ausnah- 
men  vor,  sodass  bei  einer  derartigen  Trennung  nach  dem  aggluti- 
natorischen Verhalten  gegenuber  den  heterologen  Seris  vereinzelte 
aus  dem  Menschen  gewonnene  Stamme  der  Pestifergruppe  und 
umgekehrt  einzelne  aus  Schweinen  stammende  Kulturen  der  Para- 
Typhus  B  Gruppe  zuzurechnen  sind. 

Es  mussen  aber  auch  hier  erst  die  Ergebnisse  noch  weiterer  Unter- 
suchungen  abgewartet  werden,  ehe  iiber  den  differentialdiagnostischen 
Wert  dieser  Erscheinung  ein  bestimmtes  Urteil  gefallt  werden  kann. 
Zu  beriicksichtigen  ist  dabei,  dass  bei  den  Glasser-  und  Voldagsen- 
stammen  und   ebenso  bei   den  Paratyphusgleichen   aber  fur  Para- 
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typhussera  inagglutinablen  Kulturen  offenbar  in  dem  agglutinato- 
rischen  Verhalten  auffallende  Veranderungen  auftreten  konnen. 
Dammann  und  Stedefeder  hatten  urspriinglich  angegeben,  dass  ihre 
Kulturen  nicht  durch  Pestifersera  beeinflusst  wurden,  und  dass 
umgekehrt  Voldagsensera  auch  Pestiferstamme  nicht  agglutinierten. 
Uhlenhuth,  Haendel  u.  Gildemeister  haben  diese  Angabe  bestatigt, 
sie  beobachteten  aber,  dass  die  Voldagsenstamme  sich  bei  der  Fort- 
ziichtung  in  ihrem  Verhalten  anderten,  spater  durch  Pestifersera 
agglutiniert  wurden  und  auch  Sera  erzeugten,  welche  Pestiferstamme 
gleichfalls  beeinflussten.  Gleichzeitig  machten  sich  bei  den  betr. 
Kulturen  auch  Veranderungen  im  kulturellen  Verhalten  bemerkbar. 
Spater  haben  Haendel  u.  Gildemeister  auch  Voldagsenstamme  gefun- 
den,  welche  sofort  nach  der  Isolierung  aus  dem  Schwein  bereits  von 
Pestiferseris  agglutiniert  wurden.  Die  betreffenden  Stamme  ver- 
halten sich  demnach  in  kultureller  und  agglutinatorischer  Hinsicht 
auffallend  labil.  Das  gleiche  gilt  nun  wenigstens  bzgl.  des  aggluti- 
natorischen  Verhaltens  auch  fur  die  Paratyphusgleichen  aber 
urspriinglich  fiir  Paratyphussera  unempfindlichen  Stamme.  Bei  den 
unter  der  Leitung  Vhlenhuths  im  Kaiserlichen  Gesundheitsamt 
durchgefuhrten  Untersuchungen  liber  Schweinepest  sind  eine  grosse 
Anzahl  derartiger  Kulturen  aus  Schweinen  isoliert  und  lange  weiter 
verfolgt  worden.  Dabei  hat  es  sich  gezeigt,  dass  nicht  selten  solche 
Stamme  in  Laufe  der  Zeit  spater  doch  durch  Pestifer-  oder  Gartner  - 
Sera  agglutiniert  wurden,  wenn  sie  auch  ihre  agglutinatorische 
Sonderstellung  zunachst  ein  Jahr  oder  noch  langer  behauptet  hatten. 
Andere  ebenso  lange  in  Beobachtung  stehende  Kulturen  dagegen 
sind  fiir  Paratyphus-  und  Gartner-Sera  standig  inagglutinabel 
geblieben,  wurden  aber  zum  Teil  von  Glasser  und  Voldagsenseris 
beeinflusst. 

Ueber  ganz  ahnliche  Schwankungen  auch  bei  typhischen  Paraty- 
phus B-  und  Gartnerstammen  war  schon  vorher  von  Sobernheim, 
und  Seligmann  berichtet  worden.  Diese  Autoren  hatten  die  Beobach- 
tung gemacht,  dass  typische  Paratyphusstamme  ihre  Agglutinierbar- 
keit  mit  Paratyphusseris  allmahlich  immer  mehr  einbiissten,  und 
dafiir  in  immer  zonehmendem  Masse  von  Gartnerseris  beeinflusst 
wurden,  sodass  sie  schliesslich  mit  den  ersteren  so  gut  wie  nicht  mehr 
und  nur  noch  mit  den  letzteren  reagierten.  Gleichzeitig  machten 
sicl)  bei  den  betr.  Stammen  auch  kulturelle  Veranderungen  bemerk- 
bar, indern  die  Kulturen  auf  der  Agarplatte  ganz  anders  aussehende 
Kolonien  bildeten  wie  zuvor.  Dagegen  hatten  sie  ihren  Artcharak- 
ter  als  Paratyphusstamme  insofern  bewahrt,  als  mit  ihnen  her- 
gestellte  Immunsera  nur  Paratyphusbakterien,  nicht  aber  Giirtner- 
1< ult lire n  agglutinierten.  Noch  auffallender  waren  die  bei  Giirtner- 
stammen  festgestellten  Veranderungen.  Im  Allgemeinen  liegen 
zwar  auch  bei  den  Gartnerbakterien  die  Verhaltnisse  iibnlich,  wie  sie 
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vorstehend  fiir  die  verschiedenartigen  Bakterien  der  Paratyphus- 
gruppe  geschildert  wurden.  Auch  bei  den  einzelnen  Bakterienarten 
der  Gartnergruppe,  den  Rattenschiidlingen,  den  Kalberruhrstammen 
(Jensen,  Uhlenhuth-Hubener,  Titse-W eichel  u.  a.)  und  den  von 
Menschen  stammenden  Kulturen  ist  eine  scharfe,  durchgreifende 
Trennung  und  Einteilung  in  bestimmt  umschriebene  Untergruppen 
auf  Grund  kultureller  Differenzierungsmerkmale  oder  mit  Hilfe 
der  Immunitatsreaktionen  nach  den  Untersuchungen  von  Uhlen- 
huth,  Xylander,  Steffenkagen,  Schern,  Titze,  Weichel  u.  a.  nicht 
moglich. 

Allerdings  lassen  sich  anscheinend  nach  den  Feststellungen  von 
Sobe?mheim  *und  Seligmann  auch  unter  den  Gartnerstammen  bei 
Benutzung  bestimmter  Sera  in  gewisser  Hinsicht  nach  dem  Ver- 
halten  bei  der  Agglutination  und  Complementbindung  2  Untergrup- 
pen abtrennen,  von  denen  die  eine  hauptsachlich  Eattenschadlinge 
umfasst.  Auch  die  von  Beniasch  mit  der  Saureagglutination 
erhaltenen  Befunde  weisen  auf  gewisse  Differenzen  hin.  Die  Ergeb- 
nisse  sind  aber  doch  nicht  so  scharf  und  eindeutig,  dass  sie  zu  einer 
vollstandigen  Abtrennung  der  2  Gruppen  ausreichen,  zumal  eine 
grosse  Anzahl  anderer  Sera  beide  Typen  vollstandig  gleichmassig 
beeinflussen.  Dazu  kommt,  dass  man  nach  den  von  Sdbemheim  u. 
Seligmann  erhobenen  ausserordentlich  auffallenden  Befunden  bei  der 
Gartnergruppe  mit  einer  noch  viel  starkeren  Veranderlichkeit 
einzelner  Stamme  rechnen  muss,  als  bei  den  Paratyphusbakterien. 

Sobernheim  u.  Seligmann  konnten  namlich  aus  2  urspriinglich 
typischen  Gartnerstammen,  den  Kulturen  Rumfleth  u.  Haustedt 
eine  ganze  Reihe  von  Tochter-  und  Sonderstammen  gewinnen,  welche 
zum  Teil  nach  ihrem  serologischen  und  kulturellen  Verhalten  noch 
Beziehungen  zur  Gartnergruppe  aufwiesen,  zum  Teil  aber  voll- 
standig  andersartige  Kulturen  darstellten  und  sich  leils  dem  Bac. 
Paratyphus  A  oder  dem  Coli  mutabile  ahnlich,  teils  vollkommen  wie 
Typhusbazillen  verhielten.  Diese  ausserordentlich  auflallenden 
Beobachtungen  konnen  vorlaufig  nur  als  solche  vermerkt  werden,  sie 
bediirfen  noch  weiterer  Kliirung,  ehe  eine  bestimmte  Beurteilung 
dieser  Befunde  moglich  sein  wird.  Das  Eine  lasst  sich  allerdings 
schon  heute  mit  Sicherheit  sagen,  dass  sich  unter  den  Stammen  der 
Paratyphus-  und  noch  mehr  der  Gartnergruppe  Kulturen  finden,  bei 
welch  en  biologische  Umwandlungen  nachzuweisen  sind,  und  die 
sowohl  in  ihrem  kulturellen  wie  auch  serologischen  Verhalten 
ausserordentlich  eigenartige  und  auffallende  Schwankungen  und 
Veranderungen  zeigen  konnen. 

Neben  diesen  zunachst  hauptsachlich  ein  wissenschaftliches  In- 
teresse  beanspruchenden,  bemerkenswerten  Befunden  iiber  das 
biologische  Verhalten  der  Paratyphus-  und  Gartnerbakterien  haben 
die  neueren  Forschungen  iiber  diese  Bakteriengruppe  auch  zu   in 
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praktischer  Hinsicht  wertvollen  und  namentlich  fiir  die  Epide- 
miologic der  durch  diese  Erreger  bedingten  Krankheiten  wichtigen 
Ergebnissen  gefiihrt. 

Bei  den  im  Kaiserlichen  Gesundheitsamt  unter  der  Leitung  Vhlen- 
huths  durchgefiihrten  Untersuchungen  iiber  die  Schweinepest  wurde 
die  Tatsache  festgestellt,  dass  im  Darminhalt  gesunder  Schweine 
Bazillen  vorkommen  konnen,  welche  von  echten  Pestifer-  und  Paraty- 
phusbakterien  nicht  zu  imterscheiden  waxen.  Auf  Grund  dieser 
Beobachtung  haben  Vhlenhuth  und  seine  Mitarbeiter  schon  in  ihrer 
ersten  Arbeit  iiber  das  Wesen  der  Schweinepest  die  Bedeutung  dieser 
Feststellung  fiir  die  Epidemiologie  des  Paratyphus  und  der  Fleisch- 
vergiftungen  hervorgehoben  und  darauf  hingewiesen,  dass  nach 
diesen  Befunden  nicht  nur  ein  gelegentliches  Uebergehen  dieser 
Bakterien  auf  die  Schlachtprodukte  des  Schweines  anzunehmen  sei, 
sondern  dass  man  wohl  auch  mit  ihrem  Vorkommen  bei  anderen 
Tieren  und  mit  ihrer  weiteren  Verbreitung  in  der  Aussenwelt  durch 
die  Excremente  der  Tiere  zu  rechnen  habe.  Vhlenhuth  hat  sofort 
nach  dieser  Richtung  Versuche  aufgenommen,  welche  die  geausserte 
Vermutung  vollauf  bestatigten.  Gemeinsam  mit  Hubener  konnte  er 
in  verschiedenen  Wurstproben,  in  den  Ausscheidungen  gesunder  Men- 
schen,  welche  von  solchen  Wurstwaren  genossen  hatten,  und  in  einigen 
Milchproben  derartige  Bakterien  nachweisen.  Vhlenhuth  u.  Hubener 
fandem,  dass  diese  Bakterien  ferner  bei  Fallen  von  Kalberruhr 
vorkommen  und  auch  im  Darminhalt  gesunder  Kalber  festzustellen 
sind.  Bei  vergleichenden  Untersuchungen  einer  grosseren  Zahl  als 
Erreger  der  Kalberruhr  beschriebenen  Stamme  konnten  sie  zeigen, 
dass  unter  diesen  der  Jensen'sche  Paracolibazillus  sich  wie  der  Bac. 
enteritidis  Gartner,  verschiedene  andere  Kulturen  wie  Paratyphus- 
stamme  verhielten.  Diese  Ergebnisse  sind  durch  die  Untersuchungen 
von  Titze  u.  Weichel,  Langkau,  Sehmitt,  bestatigt  worden.  Auch 
sonst  sind  bei  kranken  Kalbern,  Kiihen  und  anderen  grosseren  Tieren 
von  zaldreichen  Autoren  wie  L anger ,  Bugge,  Junack,  Ledschbor, 
Dieudonne,  Schmitt,  Zeller,  Zwick  u.  Weichel,  Fally,  Riemer,  Eden- 
huizen,  Franke,  Zwick  u.  a.  Paratyphus-  und  Gartnerbazillen  gleiche 
Bakterien  gefunden  worden.  Ferner  sind  solche  Bakterien  nachge- 
wiesen  bei  Affen  (Tromsdorff  u.  a.),  bei  Papageien  (Eckersdorff, 
DreweSy  Setter)  bei  Sperlingen  (Ta/rtakowsky  u.  Saequepee)  und  bei 
Kanarienvogeln  (PfeilerfAdam  und  Meder  u.  a.).  Bei  der  Pseudo- 
tuberkulose  des  Meerschweinchens  wurden  sie  von  Neisser,  Bohme 
und  Eckersdorff,  von  Dieterlen  und  Bo  finger  festgestellt,  nachdem 
schon  vorher  Theobald  Smith,  van  Ermengem  und  Durham  auf  das 
Vorkommen  zur  Paratyphusgruppe  gehoriger  Mikroorganismen 
bei  dieser  Erkrankung  des  Meerschweinchens  aufmerksam  gemacht 
hatten.  Sic  wurden  ausserdem  gefunden  bei  Epizootien  von  Ratten 
und  Maus<  wie  im  Kot  und  im  Organ ismus  von  gesunden  Indi- 
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viduen  dieser  Tierarten  (Uhlenhuth,  Xylander,  Schern,  Trautmann, 
Muhlens,  Dahm  und  Fiirst,  Zwich  u.  a.),  ferner  im  Kot  von  Meer- 
schweinchen  und  Kaninchen  {Morgan  und  Smallmann)  im  Darmin- 
halt  von  Giinsen  (Ileusser),  im  Hundekot  (Vallet  u.  Rimbaud) ,  end- 
lich  im  Darminhalt  von  Fliegen  (Nicoll  und  Torrey). 

Von  besonderer  Bedeutung  ist  ihr  Nachweis  bei  gesunden  Schlacht- 
tieren,  bei  unverdorbenen  Fleisch-  und  Wurstwaren  und  anderen 
Nahrungsmitteln.  Ausser  den  schon  erwahnten  Befunden  von 
Uhlenhuth  und  Hubener  wurden  sie  von  Grabert,  E chert,  Conradi, 
Trautmann,  Seiffert,  Schmidt,  Sobernheim  u.  Seligmann,  Rimpau, 
Buthmann,  Rommeler  und  von  anderen  Autoren  im  Darminhalt, 
bezw.  in  den  Organen  von  gesunden  Schlachttieren  oder  in  Schlacht- 
waren  gefunden. 

Im  Wasser  und  Eis  sind  sie  ebenfalls  Aerschiedentlich  so  von 
Forster,  Sternberg,  Gathgens,  Georg  Mayer,  Conradi,  Rommeler  u.  a. 
und  in  Milchproben  von  Hubener,  Conradi,  Klein  und  Georg  Meyer 
nachgewiesen  worden.  In  Uebereinstimmung  mit  diesen  Befunden 
konnten  audi  in  den  Faeces  gesunder  Menschen,  bei  denen  nach- 
weisbare  Beziehungen  mit  Paratyphusf alien  oder  mit  an  Fleisch- 
vergiftung  erkrankten  Personen  nicht  nachzuweisen  waren  derartige 
Bakterien  von  Hubener  und  Viereck,  Conradi,  Kayser,  Gathgens, 
Rimpau,  Kilster  Marmann  u.  a.  aufgefunden  werden.  Dass  bei 
diesen  Befunden  die  Ausschiedung  der  mit  Nahrungsmitteln 
aufgenommenen  Bakterien  in  Betracht  kam,  konnte  Conradi  dadurch 
experimentell  erweisen,  dass  er  eine  mehrkopfige  Familie  zum  Genuss 
von  derartige  Bakterien  enthaltendem  rohem  Hackfleisch  veranlasste 
und  darnach  in  den  Stuhlgangen  und  in  dem  Blut  der  Frau  die 
betreifenden  Bakterien  nachweisen  konnte,  ohne  dass  irgend  eine 
Storung  des  Allgemeinbefindens  bei  einer  der  Personen  zu  beobachten 
gewesen  ware.  Conradi  bezeichnet  diese  Art  der  Bakterienaus- 
scheidung  als  alimentare  Ausscheidung.  Im  allgemeinen  wahrt  die 
Ausscheidung  der  Keime  in  solchen  Fallen  nur  kurze  Zeit,  und  die 
Anzahl  der  Bakterien  ist  gering.  Allerdings  liegen  nun  auch  eine 
Reihe  von  Angaben  von  Seiffert,  Trautmann,  Amako,  Aumann, 
Sobemhevm,  Schmidt,  Konig  u.  a.  vor,  wonach  auch  bei  umfang- 
reichen  Untersuchungen  eiu  solch  verbreitetes  Vorkommen  dieser 
Bakterien  im  Darminhalt  und  den  Organen  der  Schlachttiere,  bei 
Schlachtwaren  und  anderen  Nahrungsmitteln  etc.,  sowie  beim 
Menschen  nicht  festgestellt  werden  konnte.  In  England  wird  von 
Bainbridge  und  Brion  die  Existenz  der  gelegentlichen  Ausscheider 
ganz  in  Abrede  gestellt.  Diese  sich  zum  Teil  widersprechenden 
Ergebnisse  finden  nach  der  Auffassung  von  Traut?nann,  Sobernheim, 
Uhlenhuth  und  Hubener  darin  ihre  Erkliirung,  dass  bei  der  Ver- 
breitung  dieser  Bakterien  offenbar  mit  regionaren  Verschiedenheiten 
und  vielleicht  auch  zeitlichen  Einfllissen  zu  rechnen  ist. 
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Sobemheim  macht  dabei  zugleich  darauf  aufmerksam,  dass  auch 
bezgl.  des  Verlaufs  der  Paratyphuserkrankungen  in  gewisser  Hin- 
sicht  regionare  Verschiedenheiten  sich  insofern  bemerkbar  machen, 
als  in  den  nordlichen  Teilen  des  Eeiches  gegeniiber  dem  Siidwesten 
die  Paratyphuserkrankungen  hauptsaehlich  als  schwere  Nahrungs- 
mittelvergiftungen  oder  als  akute,  choleraahnliche  Anfalle,  dagegen 
nur  selten  in  der  im  Siidwesten  des  Eeiches  iiberwiegender  hervortre- 
tenden,  mehr  chronischen  Typhus-ahnlichen  Form  des  eigentlichen 
Paratyphus  verlaufen. 

Auch  bei  den  im  Kaiserlichen  Gesundheitsamt  durchgefiihrten 
Untersuchungen  liber  Schweinepest  ergaben  sich  Anhaltspunkte 
dafur,  dass  sich  bei  dieser  durch  ein  filtrierbares  Virus  bedingten 
Krankheit  ebenfalls  bzgl.  der  Art  der  jeweils  dabei  auftretenden, 
dem  Bazillus  Pestifer  oder  dem  Giirtnerbazillus  gleichen  oder 
ahnlichen  Begleitbakterien  anscheinend  regionare  Verschiedenheiten 
geltend  machen  konnen.  Wie  dem  auch  ist,  jedenfalls  ist  daran 
nicht  zu  zweifeln,  dass  in  verschiedenen  Gegenden  ohne  nachweis- 
baren  Zusammenhang  mit  Fleischvergiftungen  oder  Paratyphuser- 
krankungen bei  Menschen  und  Tieren  bei  Schlachtprodukten  und 
anderen  Nahrungsmitteln  u.  s.  f.  nicht  selten  Bakterien  gefunden 
worden  sind,  welche  sich  von  den  Erregern  des  Paratyphus,  in 
manchen,  allerdings  bisher  weniger  zahlreichen  Fallen  von  Gartner- 
bazillen  nicht  unterscheiden  lassen.      • 

Eine  andere  Frage  ist  es  nun  allerdings,  wie  die  Pathogenitat  dieser 
Bakterien  fur  den  Menschen  zu  beurteilen  ist,  ob  ihnen  eine  dem 
Paratyphus-  oder  Gartnerbazillus  gleiche  oder  in  Vergleich  zu  diesen 
geringere  oder  iiberhaupt  keine  Pathogenitat  zukommt.  Wie  schon 
vorher  ausgefiihrt  worden  ist,  beweist  der  Umstand,  dass  wir  in  keiner 
Weise  in  der  Lage  sind,  die  betreffenden  Bakterien  von  den  echten 
Paratyphus-  oder  Gartnerbazillen  zu  unterscheiden,  noch  nicht  mit 
Sicherheit,  dass  wir  es  bei  ihnen  mit  Bakterien  zu  tun  haben,  die  den 
genannten  Infektionserregern  vollkommen  gleich  zu  stellen  sind.  Es 
vSpricht  vielmehr  manches  dafur,  dass  ihnen  im  allgemeinen  nur  eine 
verhaltnismassig  geringe  Pathogenitat  zukommt,  da  sonst  bei  ihrem 
haufigen  Vorkommen  die  Zahl  der  Paratyphus-  und  Gartnerinfek- 
tionen  eine  weit  hohere  sein  miisste,  als  sie  nach  alien  Erfahrungen 
bisher  beobachtet  wurde.  Andererseits  haben  wir  aber  auch  keinerlei 
Anhaltspunkte,  um  mit  Sicherheit  ausschliessen  zu  konnen,  dass  nicht 
derartige  Bakterien  unter  uns  noch  unbekannten  Bedingungen  fur 
den  Menschen  jederzeit  pathogen  zu  werden  vermogen.  Es  ist  dabei 
besonders  zu  beriicksichtigen,  dass  auch  bei  den  echten  Paratyphus- 
und  GiirtnerbaziJJen,  wie  wir  wissen,  ausserordentlich  grosse  Virulenz- 
unterschiede  und  Virulenzschwankungen  vorkommen.  Es  ist  hier 
ferner  hinzuweisen  auf  die  Beobachtungen  von  Uhlenhuth,  Haendel 
und  Stefjenhagen,  sowie  von  Zwick  und  Weichel,  wonach  Ratten  und 
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Mause  lange  Zeit  den  Giirtnerbazillen  gleiche  Bakterien  in  vollig 
gesundem  Zustande  ausscheiden  konnen,  sofort  aber  an  einer  Gartner- 
infektion  erkranken  und  zu  Grunde  gehen,  sobald  sie  nach  Impfung 
mit  einem  Tumor  in  ihrem  Kriiftezustand  zuriickgekommen  oder  un- 
ter  ihnen  nicht  zusagende  Fleischnahrung  gesetzt  werden.  Auch 
konnen  dann  solche  Tiere  die  Infektion  auf  andere  gesunde  Ratten 
und  Mause  iibertragen  und  zu  ausgedehnten  Epizootien  Anlass  geben. 
Es  spricht  nichts  gegen  die  Annahme,  dass  auch  beim  Menschen  durch 
derartige  zuniichst  scheinbar  avirulente  Bakterien  unter  Bedingun- 
gen,  die  wir  nicht  zu  tibersehen  im  Stande  sind,  schwere  Infektionen 
ausgelost  werden  konnen.  Aus  den  bei  der  Erforschung  der  Schweine- 
pest  gewonnenen  Erfahrungen  wissen  wir,  dass  auch  bei  dieser 
Krankheit  gerade  Bakterien  der  Pestifer-  und  Giirtnergruppe  sowie 
ihnen  ahnliche  Bakterienarten  unter  dem  Einfluss  des  filtrierbaren 
Virus  eine  Virulenzsteigerung  erfahren  und  sekundare  bakterielle  In- 
fektionen veranlassen  konnen.  Auch  beim  Menschen  sind  schon  ent- 
sprechende  Erfahrungen  gemacht  und  z.  B.  unter  dem  Einfluss  von 
Scharlach- (Bimpau)  und  Gelbfiebererkrankungen  (Sanarelli  u.  a.) 
ein  Virulentwerden  derartiger  Bakterien  und  nachtragliche  Sekun- 
diirinfektionen  beobachtet  worden. 

Man  wird  deshalb  nach  allem  an  dem  Vorkommen  der  betreffenden 
Bakterien  doch  nicht  achtlos  voriiber  gehen  diirfen,  sondern  die 
gegen  Paratyphus  und  Fleischvergiftungen  gerichteten  Massnahmen 
auch  auf  sie  ausdehnen  miissen.  Bei  der  im  Siidwesten  des  Reiches 
eingerichteten  organisierten  Bekampfung  des  Typhus,  welche  dieser 
Infektionskrankheit  gegeniiber  zu  so  schonen  und  erfolgreichen  Er- 
gebnissen  gefiihrt  hat,  haben  die  bzgl.  der  Epidemiologic  des  Para- 
typhus und  der  Fleischvergiftungen  gemachten  Erfahrungen  deut- 
lich  gelehrt,  dass  hier  fiir  die  Verbreitung  und  Uebertragung  der 
Krankheitskeime  die  Verhaltnisse  doch  anders  liegen  und  noch  andere 
Wege  in  Betracht  kommen,  wie  z.  B.  bei  Typhus  und  Cholera,  und 
dass  ein  Vorgehen,  welches  sich  im  wesentlichen  und  hauptsachlich 
nur  gegen  den  infizierten  Menschen  richtet,  bei  der  Bekampfung  der 
durch  Paratyphus-  und  Gartnerbakterien  hervorgerufenen  Kran- 
kheit nicht  in  gleicher  Weise  wie  beim  Typhus  zum  Ziele  f iihrt.  Der 
Kampf  wird  vielmehr  gegen  diese  Krankheiten  erfolgreich  nur  dur- 
chgefiihrt  werden  konnen,  wenn  clabei  die  bei  ihnen  vorliegenden 
besonderen  Verhaltnisse  darunter  auch  das  Vorkommen  dieser  Bak- 
terien in  der  Aussenwelt  beriicksichtigt  werden. 

Im  Rahmen  dieses  Referates  war  es  selbstverstandlich  nicht  mog- 
lich,  eine  erschopfende  Darstellung  des  Gebietes  zu  geben  und  alle 
Autoren,  die  dariiber  gearbeitet  haben,  zu  ihrem  Rechte  kommen  zu 
lassen.  In  dieser  Beziehung  muss  verwiesen  werden  auf  die  ausf  uhr- 
lichen  Darstellungen  von  Sacquepee,2  Hubener,3  und  Sobernheim.4 
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Zum  Schlusse  mochte  ich  meine  Ausfiirungen  in  folgende  Satze 
zusammenfassen : 

SCHLUSSSATZE. 

I.  Auf  Grund  des  kulturellen  Verhaltens  auf  den  Loffier'schen 
Griinlosungen  sowie  auf  den  Differentialnahrboden  Milch,  Lackmus- 
molke,  Neutralrotagar,  Orceinagar,  Traubenzucker-  und  Milchzuck- 
erbouillon,  den  Niihrlosungen  nach  Hetsch  imd  Barsiekow  I.  u. 
II.  lassen  sich  die  der  Typhusgruppe  zuzurechnenden  Bakterien  im 
allgemeinen  nach  3  Hauptgruppen  abtrennen : 

A.  Die  Typhusgruppe  im  engeren  Sinne. 

B.  Die  Gruppe  des  Bazillus  Paratyphi  B,  des  Bazillus  enteritidis 
Gartner  und  der  ihnen  kulturell  gleichen  Stamme. 

C.  Die  Gruppe  der  Colibakterien. 

II.  Die  Gruppe  B  zerfallt  nach  dem  serologischen  Verhalten  in  3 
Untergruppen  und  zwar: 

Ba.  Die  Paratyphusgruppe,  welcher  ausser  dem  eigentlichen 
Bazillus  Paratyphi  B  Schottmuller  und  den  ihm  bzgl.  des  kulturellen 
und  serologischen  Verhaltens  gleichen  Fleischvergifterstammen  noch 
der  Bazillus  typhi  murium,  der  Bazillus  suipestifer  und  der  Bazillus 
der  Psittakose  zugehoren. 

Bb.  Die  Gartnergruppe  einschliesslich  der  verschiedenen  Katten- 
schadlinge. 

Be.  Die  dem  Bac.  Paratyphi  B  und  dem  Bazillus  enteritidis  kul- 
turell vollkommen  gleichen  Stamme,  welche  aber  durch  die  betreffen- 
den  Sera  nicht  beeinflusst  werden. 

Es  erscheint  zweckmassig  die  gebrauchlichen  Sammelbezeich- 
nungen  (Paratyphusgruppe,  Salmonella,  Flugge-Kaensche-,  Hog- 
cholera-Gruppe)  nur  auf  die  Paratyphusgruppe  im  engeren  Sinne 
-Untergruppe  Ba-anzuwenden. 

III.  Zwischen  den  einzelnen  Angehorigen  der  Paratyphusgruppe 
(Ba)  lessen  sich  weder  bzgl.  des  kulturellen  noch  des  serologischen 
Verhaltens,  noch  hinsichlich  der  Pathogenitat  fiir  Versuchstiere  mit 
Hilfe  der  bisher  angewandten  Methoden  grundsatzliche  und  durch- 
greifende  Differenzen  feststellen,  trotzdem  konnen  aber  nach  den  bis- 
herigen  Erfahrungen  die  betreffenden  Bakterien  noch  nicht  mit 
Sicherheit  als  untereinander  identisch  angesehen  werden.  Das 
Gleiche  gilt  fiir  die  verschiedenen  Angehorigen  der  Gartnergruppe. 

Die  verschiedenen,  dem  Bac.  Paratyphi  B  und  dem  Bazillus  en- 
teritidis kulturell  gleichen,  aber  fur  die  betreffenden  Sera  unempfind- 
lichen  Stamme  zeigen  kein  einheitliches  serologisches  Verhalten. 

IV.  Bei  den  Paratyphus  B-  und  Gartnerbazillen  handelt  es  sich  um 
gegenseitig  zwar  ebenfalls  nahe  verwandte,  aber  im  allgemeinen  doch 
einheitlich  fiir  sich  abgrenzbare  Bakterienarten. 
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V.  Unter  den  Stiimmen  der  Paratyphus-  und  der  Giirtnergruppe, 
sowie  unter  den  dem  Bac.  Paratyphi  B  und  dem  Bac.  enteritidis 
Gartner  kulturell  gleichen  aber  fur  deren  Sera  unempfindlichen  Bak- 
terien  finden  sich  Kulturen,  welche  ahnlich  wie  der  Bac.  Glasser  und 
der  Bac.  Voldagsen  sowohl  in  ihrem  kulturellen  wie  auch  serolo- 
gischen  Verhalten  Schwankungen  und  Veraridenmgen  zeigen 
konnen. 

VI.  Von  Paratyphus-  und  Giirtnerbazillen  nicht  unterscheidbare 
Bakterien  sind  im  Darminhalt  normaler  Individuen  verschiedener 
Tierarten,  in  den  Organen  gesunder  Schlachttiere,  in  Wurst-  und 
Fleischwaren,  bei  anderen  Nahrungsmitteln,  in  Eis  und  Wasser 
sowie  in  den  Entleerungen  gesunder  Menschen  gefunden  worden,  bei 
welchen  Beziehungen  mit  Paratyphus  und  Fleischvergiftungen  nicht 
nachzuweisen  waren.  Es  ist  deshalb  mit  einer  Verbreitung  derartiger 
Bakterien  in  der  Aussenwelt  zu  rechnen,  deren  Art  und  Starke  ans- 
cheinend  von  regionaren  Verschiedenheiten  und  vielleicht  auch  von 
zeitlichen  Einfliissen  abhangig  sein  kann. 

1In  einer  neuerdings  erschienenen  Arbeit  (Zeitschr.  f.  Hyg.,  Bd.  73,  S.  75) 
kommt  Bernhardt  zu  entsprechenden  Ergebnissen. 

2  Bull,  de  l'Institut  Pasteur,  T.  V,  1907,  und  T.  VIII,  1910. 

8Htibener,  Fleischvergiftungen  und  Paratyphusinfektionen,  Jena  (Gustav 
Fischer),  1910,  sowie  Vierteljahrsschr.  f.  gerichtliche  Medicin  u.  offentliches 
Sanitiitswesen,  Bd.  XLIII,  1912,  Nr.  15  und  16. 

4  Hygienische  Bundschau,  Jahrg.  XXII,  1912,  Nr.  15  und  16. 


ON  THE  ORGANISMS  OF  THE  TYPHOID-COLON  GROUP  AND  THEIR 

DIFFERENTIATION.1 

Dr.  J.  Henderson  Smith,  Lister  Institute,  London. 

I. 

In  the  year  1906  M.  Neisser  recorded  the  occurrence  of  a  coliform 
organism  which,  while  primarily  a  nonfermenter  of  lactose,  yet  could 
give  rise  to  a  fermenting  strain  when  grown  on  lactose  agar.  This 
organism  was  very  carefully  and  thoroughly  studied  by  Massini,  who 
proved  that  the  fermenting  strain  was  not  a  contamination,  but  was 
really  derived  from  the  original  nonfermenting  organism  and  arose 
upon  lactose  agar  as  a  variant  with  a  new  character  which  bred  true. 
Since  then  numerous  instances  have  been  recorded  by  Burk,  Jacob- 
son,  Kevis,  and  others,  and  in  particular  by  Twort  and  Reiner  Miiller, 
of  members  of  the  colon-typhoid  group  which  displayed  a  similar 
capacity  of  varying  toward  one  or  more  of  the  carbohydrates,  and  the 
fact  of  bacterial  variation  in  this  direction  is  now  beyond  dispute. 
The  important  bearing  which  this  fact  may  have  upon  the  differen- 
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tiation  and  identification  of  the  pathogenic  intestinal  organisms  is 
obvious,  and  for  the  last  year  or  two  W.  J.  Penf old  has  been  carrying 
out  in  the  Lister  Institute  a  series  of  investigations  on  the  subject. 
It  is  largely  on  his  work  that  the  following  considerations  are  based. 

If  a  broth  or  peptone-water  culture  of  a  normal  typhoid  bacillus 
be  plated  on  the  surface  of  a  dulcite-agar  plate,  to  which  neu- 
tral red  has  been  added,  the  colonies  which  develop  after  incubation 
are  all  without  exception  colorless.  They  do  not  produce  enough  free 
acid  to  change  the  color  of  the  neutral  red,  and  it  is  reasonable  to 
suppose  that  they  are  composed,  at  least  for  the  most  part,  of  individ- 
uals which  do  not  ferment  the  alcohol.  When  we  continue  to  observe 
such  a  dulcite-agar  plate,, on  which  the  colonies  are  discrete  enough 
to  allow  of  their  free  development,  on  a  considerable  number  of  the 
colonies  papillae  begin  to  appear,  after  a  period  which  varies  in 
different  cases  from  3  to  10  days.  These  papillae  are  small,  very 
definite  protuberances  of  characteristic  appearance,  somewhat  irregu- 
lar in  shape,  and  of  variable  size.  Their  number,  per  colony,  as  also 
the  number  of  colonies  which  show  them,  varies  considerably,  but 
the  number,  both  of  papillae  and  of  papillated  colonies,  usually  in- 
creases as  time  goes  on.  Eventually  a  proportion  of  the  papillae 
turn  red.  On  these  plate  cultures  of  typhoid,  then,  the  organisms, 
which  at  first  failed  entirely  to  show  any  signs  of  fermenting  dulcite, 
now  do  so,  but  only  in  certain  limited  parts  of  the  total  growth. 

It  might  appear  that  what  is  occurring  on  the  plates  is  that  the 
organisms  are  turning  to  the  dulcite  as  a  source  of  food,  having  first 
exhausted  the  accessible  supply  of  other  constituents  of  the  nutrient 
agar.  In  other  words,  that  typhoid  bacilli  are  capable  of  fermenting 
dulcite,  but  refuse  to  do  so  in  the  presence  of  other  more  appropriate 
nutriment.  This  is  not  the  explanation  of  the  late  fermentation.  If 
the  organisms  which  compose  such  a  papilla  are  plated  out  again  upon 
dulcite  agar,  a  number  of  the  colonies  which  appear  are  red  through- 
out, and  these  show  no  papillae.  There  is  no  longer  an  interval  of 
several  days,  during  which  other  food  supply  is  being  used  up,  but 
the  fermentation  begins  early.  The  papilla  then  contains  bacilli, 
which,  unlike  normal  typhoid,  are  capable  of  attacking  dulcite  from 
the  first.  The  papillated  colony  arose  from  a  single  organism  of  the 
original  culture,  and  its  progeny  were  at  first,  if  not  all,  at  all  events 
preponderatingly  nonfermenting.  From  among  this  progeny  has 
arisen  a  strain,  which  now  yields  descendants  preponderatingly  fer- 
menting. This  new  character  is  at  first  unstable,  and  after  a  short 
period  of  growth  on  normal  media,  the  fermenting  strain  will  again 
give  progeny  all  or  nearly  all  nonfermenting.  But  continued  selec- 
tion of  colonies  from  dulcite  agar  or  a  few  months'  training  on 
dulcite  broth  establishes  the  character,  and  a  strain  is  obtained  which 
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remains  a  dulcite  fermenter,  even  after  many  months  of  cultivation 
in  the  absence  of  dulcite. 

The  sequence  of  events  is  perhaps  more  easily  followed  on  plates, 
but  a  similar  process  takes  place  in  dulcite  broth.  All,  or  nearly  all, 
normal  typhoid  strains  eventually  turn  a  dulcite  broth  acid,  but  the 
time  taken  to  do  so  is  very  variable,  varying,  in  Penfold's  strains, 
from  5  to  15  days.  This  time  can  readily  be  reduced  by  continued 
culture  in  dulcite  broth  to  3  days,  and,  eventually,  to  1  day. 
By  following  the  changes  which  occur  in  litmus  dulcite  peptone 
water,  inoculated  with  normal  typhoid,  Penfold  has  shown  the 
sequence  of  events  leading  up  to  the  eventual  acidity  of  the  medium. 
Multiplication  at  first  occurs,  just  as  in  peptone  water  containing 
none  of  the  alcohol,  and  reaches  the  maximum  of  some  200,000,000 
per  1  cubic  centimeter,  after  which  there  is  a  slight  decrease.  During 
this  period  plating  on  dulcite  agar  shows  that  the  organisms  are  non- 
fermenters.  Then  there  develops  a  second  rapid  and  very  large 
increase  in  the  number  of  organisms  which  may  reach  600  to  1,000 
millions  per  1  cubic  centimeter.  This  is  entirely  due  to  the  develop- 
ment of  dulcite-fermenting  organisms,  and  the  medium  turns  acid. 
The  nonfermenting  individuals  almost  completely  disappear,  and  it 
appears  almost  as  if  the  two  strains  are  antagonistic  to  one  another. 
If,  as  occurs  in  one  type  of  culture,  the  numbers  do  not  show  this 
second  great  increase,  the  nonfermenters  remain  permanently  in  the 
majority.  Fermenting  individuals  appear,  but  do  not  gain  the  upper 
hand,  and  the  medium  does  not  turn  the  full  deep  red  of  marked 
acidity. 

So  far  as  is  known  at  present,  growth  on  dulcite  is  the  only  means 
by  which  a  dulcite  fermenting  strain  can  be  obtained.  This  natu- 
rally suggests  that  the  dulcite  acts  directly  upon  the  individual  ty- 
phoid bacillus  in  some  specific  manner,  causing  it  to  produce  ferment- 
ing variants,  which  do  not  arise  without  this  specific  stimulus.  This 
may  eventually  prove  to  be  the  correct  view,  but  at  present  there  is 
little  to  support  it,  and  it  is  difficult  to  reconcile  with  some  facts 
already  known.  If  a  nonfermenting  individual  be  taken  from  a 
tube  in  which  fermenting  organisms  have  already  arisen,  it  takes 
as  long  to  produce  a  fermenting  variant  as  an  entirely  untrained 
organism.  It  shows  no  indication  of  having  been  affected  in  any 
way  by  the  dulcite,  and  there  is  nothing  to  suggest  that  it  has  been 
partially  trained.  The  facts  point  rather  to  another  interpretation 
wThich  is  sufficient  to  account  for  them  without  the  hypothesis  of  spe- 
cific alteration.  It  is  enough  to  suppose  that  the  normal  typhoid 
bacillus,  even  growing  on  a  broth  medium  without  dulcite,  tends  to 
produce  variants  which  have  to  a  greater  or  less  degree  the  power  of 
fermenting  the  alcohol. 
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On  a  nondulcite  medium  there  is  nothing  to  encourage  this  type 
as  compared  with  others,  and  as  on  its  first  appearance  it  does  not 
breed  true  and  occurs  in  very  small  numbers,  the  variant  disappears 
again.  But  if  there  is  dulcite  present  such  organisms  as  are  able  to 
attack  it  receive  a  stimulus  to  their  multiplication  which  the  non- 
fermenters  do  not  receive,  and  increasing  to  a  disproportionate  ex- 
tent may  eventually  displace  them  entirely.  The  effect  of  the  carbo- 
hydrate in  the  medium  is  to  select  one  type  of  variant  amongst  those 
normally  occurring  rather  than  to  induce  the  production  of  a  quite 
new  type.  This  increase  of  growth  in  the  presence  of  an  attackable 
carbohydrate  is.  as  we  have  seen,  what  occurs  in  dulcite  tubes  when 
the  fermenting  variety  appears,  and  it  holds  with  other  sugars  also. 
A  medium  containing  glucose,  for  example,  supports  and  produces 
a  larger  population  of  typhoid  than  one  which  contains  lactose  or 
cane  sugar,  which  the  organism  can  not  attack  and  in  which  the  num- 
bers are  approximately  the  same  as  when  no  sugar  is  present.  If  the 
typhoid  has  been  previously  "  trained  "  to  attack  lactose,  then  the 
numbers  exceed  the  normal  and  approach  those  of  the  dulcite  variant 
or  glucose  populations.  The  development  of  a  protuberant  papilla 
of  itself  indicates  a  greater  energy  of  growth  on  the  part  of  its  com- 
ponents than  that  of  the  rest  of  the  colony. 

We  have  here,  then,  an  instance  of  variability  in  the  typhoid  bacil- 
lus such  that  within  a  comparatively  short  time  two  races  can  be 
obtained  differing  from  one  another  in  the  definite  property  of  fer- 
menting dulcite.  Several  other  variations  in  the  properties  of  typhoid 
with  regard  to  carbohydrates  are  known.  Reiner  Miiller  has  de- 
scribed the  appearance  of  papiJlse  on  isodulcite,  and  Penfold,  like 
him,  has  found  this  appearance  of  papilla?  to  be  a  constant  character 
of  typhoid.  If  isodulcite  plates  are  made  from  these  papillae,  colonies 
are  obtained  which  show  no  papilla?,  and  a  race  is  obtained  at  once 
which  breeds  true  and  has  lost  the  property  of  papilla  formation 
upon  isodulcite.  An  arabinose-fermenting  strain  is  readily  obtained, 
and  strains  are  known  which  do  and  others  which  do  not  ferment 
glycerin.  Special  interest  attaches  to  the  lactose-fermenting  variety 
produced  by  Twort.  This  organism  was  subsequently  examined  in 
detail  by  Penfold,  and  was  found  by  him  to  be  a  genuine  typhoid 
both  in  its  lactose  and  nonlactose  states,  although  it  shows  one  or 
two  slight  divergencies  from  the  perfectly  typical  B.  typhosus.  It 
took  two  years'  constant  growth  on  lactose  before  the  variant  could 
be  obtained,  and  even  now,  after  two  years  more  on  lactose,  it  docs 
not  breed  true,  showing  a  strong  tendency  to  throw  out  atavists  and 
revert  to  its  nonfennent ing  state.  After  18  months  of  training  of  a 
considerable  number  of  strains  on  lactose  media,  Penfold  has  failed 
to  produce  another  fermenting  variety  of  B.  typhosus,  and  it  is  evi- 
dent that  it  is  only  with  great  difficulty  and  after  a  very  long  growth 
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on  lactose  that  this  particular  variant  can  be  produced  from  normal 
typhoid.  Similar  ill  success  has  attended  the  attempt  to  produce 
variants  by  growth  on  a  number  of  other  media,  such  as  adonite, 
erythrite,  saccharose,  amygdalin,  salicin,  and  formates. 

It  appears,  then,  that  B.  typhosus  is  an  organism  which  can  be 
made  to  alter  its  character  with  regard  to  many  of  the  carbohydrates. 
But  it  appears,  also,  that  the  readiness  with  which  variation  occurs 
differs  in  different  cases.  On  the  one  hand  we  have  the  isodulcite- 
papilla  variant,  which  arises  very  rapidly  with  every  strain,  and  has 
the  new  character  fixed  immediately.  As  an  intermediate  comes  the 
dulcite  variant,  which  can  be  obtained  from  most  strains  fairly 
easily,  and  can  be  fixed  comparatively  quickly.  On  the  other  hand, 
we  have  the  lactose-fermenting  variant,  which  can  be  obtained  only 
after  years  of  "training"  and  has  not  yet  been  made  to  breed  true. 
It  may  be  that  even  those  characters  which  have  not  yet  been  found 
to  vary  are  really  only  characters  whose  variants  take  exceptionally 
long  to  arise,  and  that  there  is  no  single  carbohydrate  character  which 
may  not  vary  at  one  time  or  another  under  particular  conditions. 
However  that  may  be,  the  readiness  with  which  the  variant  appears 
and  the  ease  with  which  it  becomes  fixed  show  in  general  a  rough 
agreement,  and  the  more  disposed  an  organism  is  to  produce  a  par- 
ticular variant  the  more  readily  is  it  disposed  to  take  on  the  new  char- 
acter permanently. 

It  is  probable  that  when  other  organisms  have  been  examined  in 
sufficient  detail  it  will  be  found  that  they  are  like  typhoid  in  this 
readiness  to  produce  particular  variants  and  reluctance  to  produce 
ofhers.  Unfortunately  the  data  on  this  point  are  still  somewhat 
meagre.  The  occurrence  of  variants  has  been  described  for  many 
members  of  the  typhoid-colon  group  among  the  pathogenic  as  well 
as  the  so-called  nonpathogenic  organisms  occurring  in  the  gut. 
Thus  Reiner  Miiller  has  obtained  papilla?  with  paratyphoid  B  on 
raffinose,  and  with  Flexner's  dysentery  bacillus  on  isodulcite.  Twort 
has  induced  the  paratyphoids,  and  also  Flexner  and  Shiga  to  ferment 
cane  sugar,  and  Shiga  has  also  been  made  to  ferment  lactose.  Hiss 
so  early  as  1904  obtained  a  maltose-fermenting  variant  of  bacillus  Y, 
and  other  variations  have  been  recorded.  It  is  a  pity  that  it  is  not 
always  possible  to  ascertain  from  the  published  accounts  how  soon 
these  alterations  of  character  arose,  nor  whether  the  variants  bred 
true,  and  in  some  cases  the  identity  of  the  new  strain  with  the  old 
has  not  been  very  satisfactorily  established.  But  it  is  clear  that  these 
variants  show  great  differences  in  the  readiness  with  which  they  arise. 
Massini's  lactose-fermenting  strain  of  B.  colt  mutabile,  for  example, 
arises  at  once  and  breeds  true,  while  others  require  weeks  or  months 
of  training  on  the  particular  sugar  before  a  variant  appears.  More 
information  is  much  needed  on  this  point,  for,  so  far  as  present 
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knowledge  goes,  it  seems  likely  that  along  this  line  is  to  be  found  the 
theoretical  justification  of  the  recognized  practical  value  of  the  car- 
bohydrate tests. 

It  has  been  asserted  that  the  possibility  of  variation  is  sufficient  to 
destroy  the  value  of  the  carbohydrate  tests  as  aids  to  the  differentia- 
tion and  identification  of  the  organisms  of  this  group.  If  it  is  pos- 
sible, so  the  argument  runs,  to  make  Shiga's  dysentery  bacillus  fer- 
ment both  lactose  and  cane  sugar,  we  can  not  accept  the  absence  of 
these  properties  as  significant  characteristics  of  the  organism.  If 
plates  made  from  a  suspected  water  or  feces  from  a  case  of  enteri- 
tis show  only  lactose- fermenting  colonies,  we  can  never  be  sure  that 
these  colonies,  or  some  of  them,  are  not  really  colonies  of  a  typhoid 
variant.  May  not  something  of  this  kind  be  the  real  explanation  of 
the  extreme  difficulty  of  isolating  typhoid  from  water  ? 

The  difficulty  must  be  admitted  and  the  possibilit}^  recognized  that 
so  far  as  carbohydrate  tests  go,  one  organism  may  be  convertible  into 
another.  We  can,  in  fact,  conceive  the  possibility  of  an  organism 
with  the  sugar  reactions  of  a  B.  coli  and  the  agglutinating  and  other 
properties  of  a  dysentery  bacillus,  including  its  pathogenicity.  It 
may  even  be  the  case  that  in  certain  instances  something  of  this  sort 
does  actualty  occur  in  nature. 

Penfold  has  brought  forward  some  evidence  to  show  that,  parallel 
to  the  main  group  of  lactose-fermenting  organisms  in  the  intestine, 
there  are  corresponding  groups  of  nonlactise-fermenting  bacteria, 
occurring  naturally  in  fair  numbers,  which  belong  to  the  mutabile 
class  and  are  convertible  into  the  fermenting  t37pes,  and  he  considers 
that  one  group  may  arise  from  its  corresponding  group  under  nat- 
ural conditions.  Even  if  this  were  proved,  however,  beyond  dispute, 
it  would  not  discredit  the  usefulness  of  the  carbohydrate  tests.  It 
only  shows  us  that  there  are  certain  organisms  for  which  the  lactose 
relation  is  unsuitable  as  a  group  character;  it  does  not  touch  the 
possibility  that  there  are  other  carbohydrates  more  suitable.  These 
particular  organisms  of  the  mutabile  group  have  a  pronounced  ten- 
dency to  vary  toward  lactose,  and  this  experience  in  the  laboratory 
would  lead  us  to  anticipate  the  occurrence  of  such  variants  in  nature. 
In  a  similar  way,  we  know  that  typhoid  has  a»  pronounced  tendency 
to  vary  toward  glycerin,  and  this  laboratory  experience  would  lead 
us  to  reject  glycerin  fermentation  as  a  safe  character  of  the  typhoid 
group.2  The  dulcite-fermenting  variety  is  less  likely  to  arise  nat- 
urally, but  even  this  is  a  frequently  occurring  variation  with  a  ten- 
dency to  breed  true.  We  should  prefer  to  take,  as  a  type  character, 
one  toward  which  a  variant  arises  only  with  great  difficulty  and 
breeds  true  only  in  ver}7  exceptional  circumstances  existing  over  a 
long  period,  such  as  the  lactose  relation.  Lactose,  therefore,  is  a 
suitable  sugar  in  the  case  of  typhoid,  but  unsuitable  in  the  case  of 
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B.  coli  mutdbile.  Further  experience  will  show  for  the  different 
groups  of  organisms  what  are  the  carbohydrates  on  which  reliance  i.s 
to  be  placed  as  distinctive  media. 

To  some  extent  this  knowledge  has  been  already  acquired.  It  is 
usual  to  make  the  carboh}rdrate  tests  in  fluid  media  with  an  incuba- 
tion of  several  days,  say,  from  3  to  7  days.  A  variant  which  does 
not  arise  in  that  time  is  probably  not  a  very  common  variant,  and  so 
in  practice  our  tests  indicate  approximately  the  lines  along  which 
further  knowledge  will  be  found  to  develop.  The  discrepancies 
which  different  observers  occasionally  record  in  the  reactions  of  or- 
ganisms (e.  g.,  the  typhoid  relation  to  dulcite  and  the  different  be- 
havior on  solid  and  fluid  media)  find  their  explanation  in  this  occur- 
rence of  variations. 

It  is  not  claimed  by  the  supporters  of  the  carbohydrate  reactions 
that  they  are  capable  of  giving  a  complete  and  systematic  classifica- 
tion even  of  the  intestinal  bacteria  according  to  their  biological  rela- 
tionships. We  have  at  present  no  means  of  doing  this  with  certainty. 
It  must  be  remembered  that  most  bacteria  are  extremely  variable  in 
other  characters  as  well  as  in  their  sugar  reactions.  In  pigment  pro- 
duction, toxin  production,  gelatin  liquefaction,  and  in  practically  all 
cultural  reactions,  variability  is  very  frequent.  Variations  of  viru- 
lence are  amongst  the  oldest  and  commonest  observations  of  bac- 
teriology. Even  agglutinability  is  not  a  constant  character,  as  the 
frequent  occurrence  of  strains  nonagglutinating  at  the  time  of  isola- 
tion from  the  body  is  sufficient  to  prove.  In  many  of  these  instances 
the  variation  consists  simply  of  the  gain  or  loss  of  a  definite  prop- 
erty found  only  with  the  particular  species,  and  not  in  the  acquire- 
ment of  a  character  possessed  by  another  and  different  species,  and  in 
this  respect  such  changes  may  appear  to  differ  fundamentally  from 
the  carbohydrate  changes.  (This  may  be  not  a  very  real  distinction, 
since  the  carbohydrate  reactions  are  none  of  them  specific  under 
natural  conditions  in  the  way  in  which,  say,  the  toxin  production  of 
diphtheria  is  specific,  but  each  is  common  to  many  species.) 

Such  instances  show  that  variability  is  one  of  the  characteristic 
properties  of  bacterial  protoplasm,  and  that  systematic  classification 
is  likely  to  prove  exceedingly  complex.  The  carbohydrates  do  in 
large  measure  supply  a  simple  method  of  practical  differentiation  of 
proved  value,  and  it  is  the  only  method  at  present  available  which 
is  sufficiently  elastic  to  cover  a  large  number  of  different  organisms. 
That  it  does  in  some  instances  group  together  organisms  with  close 
pathological  relationship  is  undeniable,'  and  there  would  seem  to  be 
no  reason  to  doubt  that  as  a  general  rule  closely  allied  strains  will 
produce  similar  ferments. 

It  has  been  suggested  by  Reiner  Midler  that  variabilitj^  in  certain 
directions  may  be  actually  specific  for  certain  organisms,  and  ho 
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instances  the  case  of  typhoid,  of  which  all  strains  give  the  isodulcite 
variation.  This  may  be  a  usual  or  practically  constant  character 
of  typhoid,  but,  as  he  himself  recognizes,  it  belongs  to  other  organ- 
isms also,  and  there  is  no  known  variation  which  is  quite  specific  in 
the  sense  that  it  is  given  by  every  member  of  a  species,  and  by  no 
others.  A  tendency  to  variation  in  one  particular  direction  may, 
indeed,  be  on  occasion  a  useful  aid  in  differentiating  closely  similar 
bacteria.  R.  Miiller  found  that  paratyphoid  B.  produces  papilla? 
on  raffinose,  while  B.  Aertryck  does  not.  It  is  usual,  on  the  conti- 
nent of  Europe,  to  consider  these  organisms  as  strictly  identical. 
Boycott,  Bainbridge,  and  others  in  England  hold  that  they  are  dis- 
tinct— separable  by  means  of  agglutinin-absorption  tests — and  it  is 
an  interesting  confirmation  of  this  view  that  Penfold,  using  the 
raffinose  test,  was  able  to  separate  a  considerable  number  of  strains 
into  two  groups,  which  practically  coincided  with  the  groups  dis- 
tinguished by  Bainbridge  in  using  the  absorption  method. 

In  the  variations  we  have  been  discussing  the  new  strain  differs 
from  its  parent  in  a  single  character ;  alteration  in  one  character  does 
not  necessarily  involve  alteration  in  another.  Two  or  more  such 
variations  may  be  superadded,  but  several  characters  do  not  vary 
simultaneously.  Since  the  fermentation  of  the  different  carbo- 
hydrates is  presumably  due  to  the  action  of  different  ferments,  and 
since  we  have  no  reason  to  suppose  that  power  on  the  part  of  an 
organism  to  produce  any  one  ferment  entails  either  the  capacity  or 
incapacity  to  produce  any  other  ferment,  there  does  not  appear  to 
be  at  present  any  ground  for  anticipating  that  such  concomitant 
variations  will  often  be  found  to  occur.  Penfold's  experiments  on 
gas  production,  however,  show  that  loss  of  a  single  ferment  may 
affect  several  reactions.3  By  growing  various  organisms  on  chlora- 
cetic  acid  agar  and  selecting  colonies  from  the  plates,  Penfold  suc- 
ceeded, in  a  number  of  instances,  in  suppressing  the  formation  of 
gas  from  sugars,  although  power  to  produce  acid  remained  un- 
impaired. By  this  means  he  has  bred  strains  of  B.  enteritidis  Gaert- 
ner,  B.  paratyphosas  B.  B.  Griinthal,  and  B.  coli  Escherlch  (B. 
acidi  lactici  and  some  others  remain  refractory),  which  no  longer 
produce  gas  from  glucose.  With  the  loss  of  this  power  went  the 
loss  of  the  gas  production  from  various  other  carbohydrates. 

The  extent  of  this  loss  differs  a  little  in  the  case  of  different  organ- 
isms, but,  speaking  generally,  it  was  found  that  if  an  organism  failed 
to  produce  gas  from  a  hexose  or  pentose  which  it  was  able  to  attack, 
then  it  also  failed  to  produce  gas  from  other  fermentable  hexoses  or 
pentoses,  but  might  continue  to  produce  gas  from  such  alcohols  as 
it  was  able  to  attack.  The  obvious  interpretation  of  this  phe- 
nomenon is  that  similar  sugars  yield  as  the  result  of  fermentation 
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similar  products,  which  are  attackable  by  a  single  ferment,  but  that 
alcohols  yield  different  products  requiring  other  ferments  for  their 
further  decomposition.  This  work-  of  Penfold  has  another  interest, 
in  that  the  altered  strains  are  apparently  also  the  strains  which  show 
exceptional  powers  of  resistance  to  the  monochloracetic  acid,  but  the 
possible  significance  of  this  observation  can  not  yet  be  fully 
estimated. 

II. 

It  is  usual  to  divide  the  bacilli  of  the  colon -typhoid  group  into  two 
main  subdivisions  according  as  they  do  or  do  not  ferment  lactose. 
This  practice  has  the  sanction  of  a  very  large  experience,  but  it 
must  be  remembered  that  the  nonlactose  fermenters  include  one 
group  of  organisms  (that  of  the  B.  Coli  mutabile) .  which  are  really 
more  closely  allied  to  the  lactose  fermenters.  These  organisms, 
which  are  more  common  than  Massini's  experience  led  him  to  believe, 
have  a  pronounced  tendency  to  produce  fermenting  variants,  and  in 
fluid  media  most  of  them  eventually  ferment  lactose,  though  they  do 
so  only  late,  rarely  before  the  sixth  day  of  growth.  If  the  existence 
of  this  group  is  kept  in  mind,  little  practical  inconvenience  is  caused, 
and  the  classification  by  Pactose  has  the  advantage  of  bringing  together 
the  more  definitely  pathogenic  organisms  of  the  intestine  hitherto 
recognized,  and  is  not  invalidated  by  the  facts  of  variation,  so  far 
as  they  are  yet  known.  None  of  the  organisms  of  this  division,  to 
which  most  importance  is  attached  in  human  pathology,  sIioavs  any 
marked  tendency  to  produce  lactose-fermenting  strains,  and  in  lab- 
oratory experience  it  is  only  by  very  long  training  that  the  occurrence 
of  fermenting  variants  can  be  demonstrated.  Further,  various 
workers  who  have  had  large  experience  in  this  field  have  the  impres- 
sion that  nonlactose  fermenters  are  in  some  way  associated  with 
abnormal  conditions  of  the  gut.  The}7  occur  of  course  in  the  normal 
intestine,  but  in  diarrheal  or  local  inflammatory  conditions  they 
appear  to  increase  in  numbers  relatively  to  the  lactose  fermenters. 
One  may  recall,  in  this  connection,  the  enormous  predominance  of 
typhoid  and  dysentery  bacilli  which  is  frequently  met  with  in  the 
stools  of  carriers  or  patients  suffering  from  these  diseases. 

When  the  group  of  late  fermenters  and  the  gelatin  liquefiers  have 
been  separated  out  there  remains  a  large  number  of  nonlactose 
bacilli,  and  among  these  one  can  distinguish,  by  cultural  methods 
alone,  three  main  groups,  about  which  something  requires  to  be 
said.  These  three  groups  are  the  typhoid,  paratyphoid  Gaertner 
or  enteritis,  and  the  dysentry  group,  and  around  these  may  be 
collected  a  large  number  of  organisms,  which  more  or  less  resemble 
them.     There  remain  still  a  number  of  bacilli,  which  may  be  simi- 
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larly  brought  together  into  groupings  of  allied  members.  It  is  quite 
probable  that  some  of  them  have  definite  pathological  importance, 
but  this  has  not  yet  been  clearly  established  for  any  of  them.  These 
have  been  very  carefully  studied  by  H.  de  R.  Morgan,  who  over  a 
series  of  years  examined  the  intestinal  bacilli  which  neither  ferment 
lactose  nor  liquefy  gelatin.  His  investigations  were  concerned  chiefly 
with  summer  diarrhea,  cholera  infantum  (where  he  found  a  remark- 
able association  of  this  disease  with  one  particular  organism  rarely 
occurring  elsewhere,  and  now  widely  known  as  Morgan's  No.  1),  but 
they  included  also  the  intestinal  flora  of  children,  adults,  and  animals, 
both  in  the  normal  state  and  in  other  abnormal  conditions,  accom- 
panied by  diarrhea  or  enteritis.  The  detailed  account  of  these  organ- 
isms is  to  be  found  in  his  papers,  and  a  considerable  mass  of  con- 
firmatory and  additional  information  has  been  accumulated  by  other 
workers  in  cognate  and  more  specialized  fields  of  research. 

The  typhoid  group, — The  typhoid  group  requires  only  a  brief 
reference.  The  characters  of  the  typhoid  bacillus  are  well  known, 
and  I  need  only  recall  here  that  it  produces  acid  without  gas  from 
glucose,  mannite,  and  sorbite,  turns  milk  acid  without  clotting  it, 
and  does  not  ferment  dulcite,  saccharose,  nor,  of  course,  lactose,  and 
does  not  produce  indol  nor  liquefy  gelatin.  These  characters  are  con- 
stant for  all  naturally  occurring  strains  of  typhoid,  with  the  possible 
exception  of  dulcite,  already  discussed.  The  B.  typhosus  is,  in  fact, 
a  remarkably  well-defined  and  stable  organism.  Very  many  strains 
have  been  examined  in  a  series  of  carbohydrates  much  larger  than 
the  above  without  the  detection  of  differences.  An  exception  may  be 
found  in  glycerin,  since  both  fermenting  and  nonfermenting  strains 
have  been  described,  and  it  is  probable  that  glycerin  resembles  dul- 
cite or  isodulcite  in  being  a  substance  to  which  variants  are  readily 
produced.  But  it  seems  beyond  doubt  that  unless  artificial  means 
are  taken  to  alter  it,  the  typhoid  bacillus  is  very  constant  in  its  cul- 
tural characters.  All  these  strains,  moreover,  agree  in  their  serolog- 
ical characters,  and  there  is  rarely  any  difficulty  in  identifying  B. 
typhosus  when  it  is  met.  Further,  it  is  an  organism  to  which  close 
allies,  as  judged  by  the  cultural  reactions,  do  not  occur  naturally. 
(A  somewhat  similar  bacillus  has  been  found  by  Ledingham  to  occur 
frequently  in  flies,  but  it  produces  indol,  produces  alkali  in  milk,  and 
does  not  ferment  sorbite.) 

Nonmotile  strains  have  been  described,  and  strains  inagglutinable 
on  first  isolation  are  comparatively  frequent.  If  we  accept,  as  most 
would,  motility  and  agglutinability  as  definite  characters  of  the  B. 
typhosus,  such  strains  must  be  accepted  as  subvariants,  and  they  illus- 
trate the  necessity  of  employing  more  than  one  criterion  in  identify- 
ing any  organism.  No  one  would  refuse  to  accept  as  typhoid  an 
organism  which,  otherwise  typical,  is  at  first  inagglutinable,  but  sub- 
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sequently  conforms  to  type  after  a  short  period  of  laboratory  culture. 
But  the  duration  of  inagglutinability  in  actually  observed  cases  is 
very  variable  and  may  extend  to  several  subcultures.  Moreover,  other 
organisms,  notably  Gaertner's  bacillus  and  paratyphosus  B.,  are  oc- 
casionally no  less  strongly  agglutinated  by  typhoid  sera  than  a  true 
B.  typhosus.  Neither  the  presence  nor  the  absence  of  the  agglutina- 
tion character  is  in  itself  finally  conclusive,  and  we  must  recognize 
that  agglutinability  is  also  a  variable  characteristic.  In  the  case  of 
typhoid,  the  stability  of  the  cultural  reactions  and  the  nonoccurrence 
of  organisms  which  closely  resemble  it  make  these  reactions  of  especial 
value  in  the  differentiation. 

The  enteritis  or  Gaertner-paratyphoid  group. — The  second  group 
is  the  enteritis  or  Gaertner-paratyphoid  group,  of  which  culturally 
the  type  member  is  the  B.  Gaertner.  Its  chief  cultural  characters 
which  are  the  same  as  those  of  paratyphosus  B.  and  B.  suipestifer, 
are  the  following:  It  produces  acid  with  gas  from  glucose,  mannite, 
dulcite,  and  sorbite,  does  not  ferment  cane  sugar  nor  lactose,  does 
not  produce  indol  nor  liquefy  gelatin,  and  litmus  milk  is  at  first  made 
acid,  but  from  about  the  third  day  on  the  milk  turns  alkaline  and 
by  the  seventh  day  becomes  strongly  alkaline,  without  at  any  time 
clot  formation  or  digestion.  Certain  other  reactions  will  be  referred 
to  immediately.  This  group  has  been  the  subject  of  much  confusion 
and  is  still  the  cause  of  a  good  deal  of  controversy.  To  some  extent 
this  is  a  relic  of  the  preagglutination  days,  but  to  a  still  greater  degree 
it  is  due  to  a  loose  application  of  the  term  "  paratyphoid  "  to  imper- 
fectly examined  organisms. 

The  cultural  characters  which  we  have  detailed  mark  off  a  definite 
group  of  bacilli  within  which  further  distinction  can  be  made  by 
other  methods,  as  will  presently  be  described.  But  there  occur  in  the 
normal  intestine  several  organisms  which  are  culturally  very  much 
like  the  type  organisms  of  the  enteritis  group,  but  are  to  be  definitely 
distinguished  from  them.  Of  these  there  are  at  least  two  main  sub- 
groups, one  of  which  ferments  cane  sugar  and  one  which  does  not  fer- 
ment dulcite.  Both  are  comparatively  common,  and  neither  has  any 
claim  to  the  name  of  parat37phoid.  Bainbridge  and  O'Brien  exam- 
ined a  number  of  strains  of  the  saccharose  fermenters,  which  had 
been  isolated  by  Ledingham,  and  while  they  found  minor  varia- 
tions in  the  cultural  reactions  they  obtained  no  significant  agglu- 
tination of  any  of  them  with  Gaertner,  paratyphoid  B.,  or  other  sera 
made  from  organisms  of  the  enteritis  group.  In  this  their  expe- 
rience agrees  with  that  of  Savage  and  of  Morgan,  who  also  found 
the  same  to  be  true  of  the  dulcite  non fermenters.  The  members  of 
both  these  subgroups  are  apparently  quite  distinct  from  the  genuine 
enteritis  organisms.  Unfortunately,  however,  many  workers,  espe- 
cially on  the   Continent,   adopt  even  at  the   present  time   criteria 
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which  do  not  exclude  these  bacteria,  and  by  omitting  dulcite,  some- 
times even  saccharose,  from  their  tests  they  extend  the  name  of  para- 
typhoid to  organisms  which  certainly  should  not  receive  it.  This 
has  led  to  confusion  in  at  least  two  directions.  On  the  one  hand  the 
epidemiology  of  paratyphoid  fever  is  obscured  by  their  inclusion  in 
this  group,  and,  on  the  other,  the  agglutination  test  is  discredited, 
because  so  many  so-called  paratyphoid  strains  fail  to  give  it. 

The  organisms  of  these  two  subgroups,  the  cane-sugar  fermenters 
and  dulcite  nonfermenters,  are  not  known  to  have  any  pathogenic 
significance  for  man,  but  the  pathogenic  B.  paratyphosus  A.  bears 
a  close  resemblance  culturally  to  the  type  organisms.  Paratyphoid  A. 
differs  from  the  latter  only  in  not  producing  enough  alkali  in  litmus 
milk  to  overcome  again  the  initial  acidity  it  causes.  The  milk  turns 
acid  and  remains  so  permanently  without  formation  of  clot  or  true 
digestion.  This  organism  can  be  readily  identified  by  agglutination 
as  well  as  by  the  milk  reaction.  It  is  not  common  in  Europe,  but 
in  India  it  is  frequently  met  with,  and  is  a  common  cause  there  of 
so-called  paratyphoid  fever.  It  is  not  yet  known  whether  sub- 
varieties  of  this  organism  might  be  distinguished  by  means  of  agglu- 
tination or  other  methods,  but  it  may  be  noted  that  Morgan  has 
isolated  an  organism  identical  in  all  respects  with  paratyphoid  A., 
except  that  it  was  not  agglutinated  by  a  strong  paratyphoid  A.  serum. 

There  is  still  one  other  group  of  organisms  which  can  be  distin- 
guished from  the  true  type  organisms  by  cultural  tests,  if  we  extend 
them  a  little  further.  The  type  bacilli  ferment  galactose,  arabinose, 
and  maltose,  but  produce  no  apparent  change  in  salicin,  raffinose,  or 
inulin.  In  the  intestine  of  healthy  animals  occurs  an  organism  which, 
resembling  the  type  in  other  cultural  respects,  differs  from  it  in  fer- 
menting salicin.  It  is  fairly  frequent;  e.  g.,  Savage  found  it  eight 
times  in  the  examination  of  31  animals,  and  its  differentiation  is  con- 
firmed by  the  absence  of  pathogenicity  and  of  agglutination  with 
standard  sera. 

When  the  field  has  been  narrowed  by  the  exclusion  of  these  three 
subgroups,  there  remains  the  mass  of  organisms,  which  are  cul- 
turally indistinguishable  from  the  types.  As  was  first  shown  by 
Durham  and  de  Nobel e,  these  are  separable  into  two  very  definite 
subgroups  by  agglutination  reactions.  First  comes  B.  Gaertner,  an 
organism  sharply  and  readily  differentiated  by  means  of  agglutina- 
tion, since  it  is  not  affected  to  any  significant  extent  by^sera  of  other 
members  of  the  group.  The  fact  that  it  may  be  agglutinated  by  some 
typhoid  sera,  and  that,  conversely,  typhoid  bacilli  may  be  agglu- 
tinated by  Gaertner  sera,  causes  no  difficulty  in  identification,  be- 
cause of  the  other  characteristics  of  these  organisms.  B.  Gaertner 
is  the  organism  responsible  for  many  attacks  of  food-poisoning,  and 
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it  is  contained  in  many  rat  viruses  including  B.  danysz.  It  is  be- 
lieved to  have  caused,  and  is  certainly  associated  with,  spontaneous 
outbreaks  of  disease  in  mice,  guinea  pigs  (Bainbridge  and  O'Brien, 

MacConkey),  and  rats  (Boycott),  and  there  is  some  evidence  that 
it  is  a  normal  inhabitant  of  rats  and  mice,  or,  at  all  events,  is  apt  to 
develop  in  these  animals  when  they  suffer  from  depressing  or  toxic 
influences.  What  are  the  conditions  which  bring  about  the  sudden 
epizootic  virulence  of  the  organism  are  unknown,  but  it  is  of  in- 
terest to  note  that,  in  a  similar  epizootic  in  guinea  pigs,  associated 
with  B.  suipestifer,  Petrie  and  O'Brien  found  reason  to  believe  in 
the  occurrence  of  a  filter-passing  virus.  In  a  rat  epizootic,  Boycott 
isolated  an  organism  identical  with  B.  Gaertner  in  all  respects,  cul- 
tural, and  serological  (including  absorption  tests),  which  possessed 
the  property  of  changing  the  haemoglobin  in  infected  animals  into 
methaemoglobin,  so  that  their  blood  was  chocolate  or  brown  in  color 
during  life. 

The  second  subgroup,  into  which  serum  reactions  divide  the  cul- 
turally typical  organisms,  in  its  turn  comprises  two  members,  the 
B.  paratyphosus  B.  and  the  B.  suipestifer  (with  the  latter  of  which 
authorities  are  agreed  that  B.  Aertryck  is  identical).  Both  organ- 
isms are  agglutinated  by  the  same  sera,  and  to  approximately  equal 
degree  in  most  cases.  Manv  authorities  maintain  that  there  is  no 
real  ground  for  drawing  any  distinction  between  them.  Most  of 
the  English  workers,  however,  and  some  German  writers  believe 
that  they  are  separable  from  one  another  by  absorption  tests  care- 
fully carried  out,  and  that  they  are  definitely  distinct  organisms. 
Bainbridge  and  O'Brien,  the  most  recent  English  investigators  to 
make  an  extended  study  of  the  subject,  examined  by  this  test  a  large 
number  of  strains  from  various  sources,  and  they  found  that  they 
fell  into  two  groups  Avhich  corresponded,  on  the  one  hand,  to  the 
B.  paratyphosus  B.  associated  w7ith  paratyphoid  infection  in  man, 
and  on  the  other  to  B  suipestifer,  associated  with  food  poisoning. 
Their  results  are  so  consistent  and  clear  that  it  is  difficult  to  believe 
the  distinction  to  be  unreal.  It  has  further  received  support  from 
Penfold's  application  to  their  strains  of  the  raffinose-papilla  test 
already  described,  and  also  from  complement-deviation  experiments 
of  H.  K.  Dean. 

The  culturally  typical  organisms  of  the  enteritis  group  then  are 
divisible  into  three  subgroups.  B.  Gaertner,  paratyphosus  B.,  and  B. 
suipestifer  (or  Aertryck) ,  and  into  one  or  other  of  these  groups  fall 
all  or  nearly  all  the  organisms  associated  with  food-poisoning  out- 
breaks recorded  in  many  places  since  Gaertner's  original  description, 
as  well  as  many  of  the  organisms  associated  with  animal  epizootics. 
It  may  be  noted  here  that  the  B.  typhi  murium  is  apparently  not  a 
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separate  species,  but,  of  the  organisms  passing  under  that  name, 
some  are  B.  Gaertner  and  some  are  B.  suipestifer. 

It  is  outside  the  scope  of  this  paper  to  discuss  the  epidemiology 
of  the  diseases  caused  by  these  organisms,  but  it  may  be  permissible 
to  draw  attention  to  the  importance  of  always  distinguishing  them 
clearly.  As  a  single  illustration,  it  is  sufficient  to  mention  the  sug- 
gestion, which  their  results  led  Bainbridge  and  O'Brien  to  put  for- 
ward, that  B.  suipestifer  and  B.  paratyphosus  B.  have  a  different 
distribution  in  nature,  the  former  occurring  in  the  intestine  of  pigs 
and  other  animals,  the  latter  in  the  human  alimentary  tract. 

The  dysentery  group. — Some  authorities,  such  as  Lentz,  maintain 
that  the  dysentery  organisms  do  not  really  belong  to  the  typhoid- 
colon  group.  Practically,  hoAvever,  they  must  be  included,  since  they 
have  to  be  distinguished  from  other  intestinal  bacteria  which  they 
closely  resemble.  In  some  respects  they  are  the  least  satisfactory  of 
the  groups  with  which  we  have  to  deal,  as  in  them  we  meet  with  a 
marked  difference  in  grouping  according  as  we  take  the  cultural  or 
the  agglutination  characters  for  our  differentiating  tests. 

One  of  the  varieties  may  be  dismissed  quite  briefly,  viz,  the  origi- 
nal B.  dysenteries  of  Shiga.  This  organism,  which  is  nonmotile,  fer- 
ments glucose  without  production  of  gas,  and,  after  preliminary  acidi- 
fication, turns  milk  alkaline  on  or  soon  after  the  third  day.  It  does 
not  ferment  mannite,  dulcite,  cane  sugar,  lactose,  nor  sorbite,  and  does 
not  produce  indol.  A  somewhat  similar  organism  has  been  described 
by  Morgan,  but  it  is  motile  and  produces  indol,  and  the  agglutination 
reactions  of  the  Shiga  bacillus  are  characteristic. 

It  is  when  we  come  to  the  mannite-fermenting  types  of  dysentery 
bacilli  that  difficulties  arise.  Some  doubt  has  been  expressed  as  to 
their  claim  to  be  considered  genuine  dysentery  bacilli  at  all,  owing  to 
an  alleged  milder  clinical  course  of  the  disease  with  which  they  are 
associated,  but  they  frequently  produce  extremely  severe  or  fatal  dys- 
entery, and  a  doubt  of  this  kind  is  unjustified.  An  individual  posi- 
tion is  taken  amongst  them  by  the  bacillus  of  Strong.  This  organism 
is  unlike  the  rest  in  fermenting  dulcite  and  cane  sugar  and  in  pro- 
ducing clot  in  milk,  and  its  agglutination  reactions  also  separate  it 
from  the  others.  As  it  has  apparently  been  only  once  found  in  asso- 
ciation with  dysentery,  it  is  of  subordinate  importance,  but  we  may 
notice  that  organisms  not  very  dissimilar  culturally  and  agglutinated 
by  Strong  serum  have  been  found  by  Morgan  to  occur  in  the  stools 
of  typhoid  convalescents. 

The  representative  organism  of  the  mannite-fermenting  type  is 
Flexner's  B.  dysenteric  and  it  is  the  best  known  member  of  a  group 
which  possesses  the  following  general  characters:  They  are  nonmotile, 
ferment  glucose  and  mannite  without  production  of  gas,  turn  milk 
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alkaline  after  preliminary  acidification,  produce  indol,  and  do  not 
ferment  lactose,  dulcite,  or  cane  sugar,  and  do  not  liquefy  gelatin. 
These  group  characters  are  possessed  by  most  of  the  mannite-fer- 
nienting  dysentery  organisms,  though  variations  occur  in  the  readi- 
ness with  which  they  produce  alkali  in  milk  and  form  indol.  Whether 
all  intestinal  organisms  with  these  characters  are  potential  producers 
of  dysentery  can  not  be  definitely  stated  as  yet.  It  seems  improbable, 
since  they  occur  not  infrequently  in  individuals  with  no  history  of 
dysentery,  but  sufficient  evidence  on  the  point  is  lacking.  It  is  ap- 
parently questionable  whether  agglutinability  by  Shiga,  Strong,  Flex- 
ner,  or  even  by  Y.,  serum  is  a  necessary  property  of  all  the  patho- 
genic members  of  the  group. 

Flexner's  organism  ferments  maltose  and  dextrin,  and  does  not 
ferment  sorbite,  but  other  members  of  the  subgroup  show  differences 
in  one  or  more  of  these  characters.  This  has  recently  been  clearly 
shown  by  Morgan,  who  examined  the  behavior  toward  18  carbohy- 
drates of  over  50  strains,  and  it  has  also  been  brought  out  by  Teb- 
butt  in  his  study  of  institutional  dysentery  in  England,  as  well  as 
by  others.  The  best  known  of  these,  the  Y.  bacillus  of  Hiss  and 
Russell,  does  not  ferment  maltose  in  its  original  state,  and  this 
sugar  has  therefore  been  used  as  a  basis  of  subclassification.  We 
know,  however,  from  Hiss's  own  work  that  the  Y.  organism  readily 
acquires  the  power  of  fermenting  maltose,  and  there  are  other 
grounds  for  doubting  the  stability  of  the  character.  Bacillus  Y. 
resembles  B.  Flexner  much  more  closely  than  do  some  other  unde- 
niable dysentery  strains,  e.  g.,  some  of  the  El  Tor  organisms  of 
Ruffer  and  Willmore;  and  a  primary  subdivision  on  a  maltose  basis, 
even  if  the  character  were  less  variable  than  we  know  it  to  be,  would 
separate  Y.  and  Flexner,  while  bringing  together  other  organisms 
much  less  closely  alike.  It  would  appear  to  be  more  satisfactory  to 
adopt  a  subdivision  according  to  the  more  stable  sorbite  character, 
as  suggested  by  Tebbutt,  and  to  redivide  the  subgroups,  so  formed, 
into  those  which  do  and  those  which  do  not  ferment  dextrin.  This 
gives  us  four  groups,  each  of  which  contains  some  dysentery  organ- 
isms. It  brings  the  Y.  bacillus  into  the  same  subgroup  with  the  true 
Flexner,  from  which  it  can,  if  desired,  be  distinguished  by  the  maltose 
test. 

By  no  system  of  classification,  however,  can  we  bring  the  cultural 
and  serological  reactions  into  harmony.  It  appears  that  motile 
bacilli  with  claims,  on  cultural  grounds,  to  admission  to  the  group, 
are  definitely  not  agglutinated  by  dysentery  sera,  but,  otherwise,  the 
results  are  quite  discordant,  All  observers  are  agreed  that  absorption 
methods  are  unsatisfactory  for  these  organisms,  and  in  every  sub- 
group there  occur  ome  strains  which  are  agglutinable  by  Flexner 
66692— vol  2,  tt  1—13 8 
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serum  and  some  which  are  not.  We  must  recognize  the  fact  that 
the  biochemical  and  serum  reactions  are  not  at  one  in  this  group. 
Of  course  there  is  really  no  a  priori  ground  for  expecting  them  to 
agree,  since  variation  in  one  character  is  not  necessarily  accomplished 
by  variation  in  another.  Between  the  two  conflicting  methods  of 
classification,  we  have  no  conclusive  reason  for  preferring  the  one 
to  the  Qther,  and  we  must  wait  for  further  experience  on  the  subject. 
The  impression  one  gains  is  that  the  dysentery  organisms,  as  a  group, 
are  in  a  very  unstable  condition,  and  have  not  acquired  fixed  char- 
acters such  as  we  find  in  other  bacilli  of  the  typhoid-colon  class.  A 
thorough  examination  of  representative  members,  from  the  mutation 
or  variation  point  of  view,  is  much  to  be  desired. 

The  details  which  have  been  given  in  the  preceding  pages  of  this 
section  enable  us  accurately  and  easily  to  subdivide  such  of  the 
organisms  of  the  typhoid-colon  group  as  do  not  ferment  lactose  and 
do  not  liquefy  gelatin  into  a  number  of  distinct  subgroups.  The 
members  of  each  subgroup  resemble  each  other  more  or  less  closely, 
but  they  admit  of  a  further  subdivision  by  methods  which  are  in  most 
cases  readily  practicable.  The  resulting  classification  is  summarized 
briefly  in  the  following  table : 

TABLE    OF    ORGANISMS    WHICH    NEITHER    FERMENT    LACTOSE    NOR    LIQUEFY    GELATIN. 

I.  Late  lactose  fermenters. 

II.  Certain  groups  of  no  known  pathogenic  importance. 
III.  Typhoid  group. 
IV.  Paratyphoid-enteritis  group : 

1.  Atypical  members : 

(a)   Saccharose  fermenters. 
(6)   Dulcite  nonfermenters. 

(c)  B.  para  typhosus  A. 

(d)  Salicin  fermenters. 

2.  Typical  members : 

(a)  B.   enteriditis   Gaertner  distinguished   from    (b)    and    (c)    by 

agglutination. 

(b)  B.  paratyphosus  B.,  distinguished  from  (c)  by  absorption. 

(c)  B.  snipestifer. 
V.  Dysentery  group: 

1.  Mannite  nonfermenting.    B.  dysenteriae  Shiga. 

2.  Mannite  fermenting: 

(a)  B.  dysenteriae  Strong. 

(b)  Sorbite  fermenters. 

(i)  Dextrin' nonfermenting. 
(ii)   Dextrin  fermenting. 

(c)  Sorbite  nonfermenters. 

(i)   Dextrin  nonfermenting. 
(ii)  Dextrin  fermenting. 

(a)  Maltose  fermenting  (B.  dysenteriae  Flexner). 

(b)  Maltose  nonfermenting  (B.  dysenteriae  Y). 
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III. 

In  conclusion,  there  are  one  or  two  general  considerations  which 
1  wish  to  bring  forward.  The  amount  of  work  which  is  done  in  con- 
nection with  the  typhoid-colon  group  every  year,  and  in  all  parts  of 
the  world,  is  simply  enormous.  Even  if  we  omit  the  routine  examina- 
tions of  such  material  as  water,  the  work  devoted  to  the  investiga- 
tion of  faeces  alone  in  connection, with  carriers,  food  poisonings,  en- 
teritis cases,  genuine  or  suspected,  and  so  on,  is  immense.  This  repre- 
sents a  large  expenditure  of  energy,  and,  unfortunately,  much  of  it 
does  less  than  it  might  to  advance  our  knowledge  of  bacteriology  and 
the  epidemiology  of  intestinal  disease.  There  is  a  waste  of  energy 
in  two  directions.  On  the  one  hand,  much  time  and  labor  are  in 
many  cases  expended  on  the  elaboration  of  points  which  contribute 
little  or  nothing  to  establishing  the  identity  of  the  organism  studied, 
and,  on  the  other,  much  of  what  is  considered  by  many  to  be  essential 
to  its  complete  description  is  too  often  omitted. 

The  early  bacteriologists,  for  want  of  other  diagnostic  tests,  were 
compelled  to  lay  stress  on  the  appearance  of  colonies  on  the  ordinary 
media,  their  vine-leaf  shape,  prominence,  moistness,  translucency, 
and  so  on.  Such  points  as  these  are  of  almost  no  value  as  differential 
tests.  Even  a  blue  colony  on  Conradi-Drigalski  is  of  only  elementary 
differential  value,  and  the  appearance  of  such  colonies,  their  exact 
shade  of  blueness,  etc.,  does  not  take  the  distinction  beyond  the 
primary  division  into  lactose  fermenters  and  nonlactose  fermenters. 
But  we  still  quite  frequently  find  these  details  set  out  with  laborious 
minuteness  as  if  they  contributed  essential  information  in  the  dis- 
tinction of  the  group  members  from  one  another.  Lengthy  descrip- 
tions of  this  kind  do  not  repay  the  trouble  they  demand,  and  will  no 
doubt  gradually  disappear  in  time;  but  we  are  threatened  with  an- 
other cause  of  waste  of  energy  in  the  multiplication  of  tests.  The 
introduction  of  new  tests  is  most  desirable,  for  by  them  we  may  hope 
to  deepen  our  knowledge,  but  when  a  test  has  received  an  extensive 
trial  and  has  contributed  nothing  fresh  to  our  knowledge,  it  should 
be  dropped  again.  There  are  certain  complicated  media,  for  example, 
in  frequent  use  for  the  growth  of  typhoid  bacilli  which  might  very 
well  lapse  into  disuse. 

On  the  other  hand,  I  would  urge  a  more  general  recognition  of  the 
value  of  the  carbohydrate  media.  These  tests  supply  most  valuable 
help  in  the  differentiation  of  the  typhoidlike  bacteria  from  one  another. 
This  is  true  of  all  the  subgroups,  but  they  are  especially  important  in 
the  case  of  the  Gaertner-paratyphoid  group,  where  we  meet  so  many 
organisms  closely  resembling  the  genuine  pathogenic  bacilli.  Yet 
we  find  bacteriologists,  even  of  great  and  deserved  repute,  classifying 
organisms    whose    dulcite    or    saccharose    reactions    have    not    been 
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studied  as  identical  in  fermentation  activity  with  paratyphoid  B. 
Possibly  they  look  on  these  points  as  of  minor  importance,  but  the 
want  of  information  of  this  kind  greatly  reduces  the  value  to  others 
of  the  work  done;  and  handicaps  them  in  subsequent  investigations 
on  similar  lines. 

This  is  an  excellent  illustration  of  what  really  constitutes  at  present 
a  great  part  of  the  difficulty  which  these  organisms  present,  viz,  the 
lack  of  uniformity  in  the  methods  by  which  they  are  studied.  Bac- 
teriologists in  different  countries,  and  in  different  parts  of  the  same 
country,  rely  on  different  criteria  in  establishing  a  diagnosis,  and,  as 
a  consequence,  neglect  the  tests  in  which  they  happen  to  place  less 
faith. 

To  some  extent  this  is  inevitable,  but  it  has  the  result  of  making 
the  information  collected  by  the  followers  of  one  set  of  criteria  in- 
adequate and  therefore  largely  useless  to  those  who  adopt  another 
set.  Now,  taken  altogether,  the  number  of  tests  employed  by  the 
leading  bacteriologists  who  have  devoted  much  time  to  the  study  of 
these  intestinal  bacilli  is  not  very  large,  and  it  should  be  possible  for 
all  workers  to  adopt  as  a  basis  a  uniform  standard  of  minimum  re- 
quirements. This  standard  would  not  be  exhaustive  in  the  sense  of 
including  all  known  tests,  and  individual  workers  would  naturally 
add  other  tests,  either  old  or  new,  to  which  they  attached  importance. 
It  need  have  nothing  dogmatic  about  it,  and  would  not  commit  those 
who  adopted  it  to  a  belief  in 'the  validity  of  all  the  tests  it  included, 
and  it  would  be  subject  to  revision  from  time  to  time.  But  it  would 
be  comprehensive  enough  to  cover  all  the  most  important  tests  on 
which  bacteriologists  of  different  schools  are  accustomed  to  rely.  It 
would,  therefore,  insure  that  work  done  in  one  part  of  the  world  by 
one  school  would  be  available  to  other  schools  elsewhere,  and  we 
should  avoid  the  very  real  present  difficulty,  that  the  work  of  any 
one  school  is  of  full  value  only  to  that  school  and  to  no  other.  Some- 
thing of  this  kind  seems  very  much  to  be  desired.  Naturally,  it 
could  be  drawn  up  only  by  an  association,  at  which  the  different 
methods  of  examination  were  adequately  represented.  If  this  section 
of  the  International  Congress  of  Hygiene  and  Demography  were  to 
appoint  a  representative  committee  to  draft  recommendations  of  the 
nature  indicated  it  would  take  a  step  which  it  is  well  qualified  to 
take  and  one  which  would  be  of  great  value  to  all  bacteriologists. 

RESUME. 

It  is  scarcely  possible  to  summarize  this  paper  briefly,  but  its 
scope  may  be  indicated  by  the  following: 

Mutation  or  variation,  as  it  occurs  in  members  of  the  typhoid- 
colon  group,  is  discussed  in  some  detail,  and  it  is  pointed  out  that, 
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while  many  members  of  the  group  are  capable  of  such  alteration 
toward  one  or  more  carbohydrates,  this  does  not  occur  haphazard 
but  in  certain  directions  which  are  definite  for  each  organism.  An 
organism  produces  with  greater  readiness  variants  toward  some 
carbohydrates  than  to  others,  and  the  more  disposed  an  organism  is 
to  produce  a  particular  variant,  the  more  readily  does  it  take  the 
new  character  permanently.  Variability  is  one  of  the  characteristics 
of  bacteria,  and  affects  most  of  their  known  properties,  and  the  fact 
that  variation  occurs  toward  carbohydrates  does  not  invalidate  their 
use  as  aids  to  differentiation.  The  carbohydrate  media  are  the  most 
elastic,  most  practical,  and  most  satisfactory  means  at  present  avail- 
able of  distinguishing  the  members  of  this  group. 

The  primary  division  being  made  into  those  which  do  and  those 
which  do  not  ferment  lactose,  the  nonlactose  fermenters,  which  in- 
clude the  important  pathogenic  members,  are  considered  in  detail. 
The  three  prominent  groups  of  typhoid,  paratyphoid,  Gaertner,  and 
dysentery,  are  taken  separately,  and  their  characters,  and  those  of  the 
organisms  most  closely  resembling  them,  are  set  out.  Finally,  a  plea 
is  put  forward  for  greater  uniformity,  and,  if  possible,  some  stand- 
ardization of  the  methods  employed  in  their  study. 
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\At  the  Berlin  meeting  of  this  Congress,  in  1907,  certain  institutes  were  re- 
quested to  undertake  an  inquiry  into  the  differentiation  of  the  "  typhoidlike  " 
bacteria,  and  to  present  a  report  upon  these  organisms  at  the  Washington  meet- 
ing this  year.  This  paper  constitutes  the  report  of  the  Lister  Institute  of  Pre- 
ventive Medicine,  London. 

2 The  converse  is  not  necessarily  true,  however,  since  all  strains  of  typhoid 
produce  papillae  on  isodulcite,  but  lose  this  character  readily,  and  no  strain  has 
yet  been  isolated  which  is  already  in  the  nonpapilla-forming  state. 

3  With  this  may  be  compared  the  nongas-producing  B.  Aertryck  recorded  by 
Bainbridge. 


SUB,  LES  SALMONELLOSES   (BACILLES  PARATYPHIQUES  B,   BACIL- 
LES    DES    EMPOISONNEMENTS    ALIMENTAIRES,    ETC.). 

M.  le  Dr.  Sacquepee,  Professeur  au  Val-de-Grace,  Paris,  France. 

I.    GENERALITES. 

Sous  la  designation  commune  de  bacilles  paratyphiques,  on  s'est 
accoutume  et  on  continue  a  comprendre  des  especes  microbiennes 
certainement  differentes. 

A  tous  points  de  vue,  le  bacille  paratyphique  A  et  le  bacille 
paratyphique  B  doivent  etre  separes  Fun  de  l'autre. 

Nous  nous  occuperons  exclusivement  du  bacille  paratyphique  B  et 
des  especes,  ou  tres  voisines,  ou  identiques. 

A.  l'ensemble  de  ces  especes,  nous  avons  deja  donne  le  nom  de 
Salmonelloses,  du  nom  de  Salmon,  qui  a  decrit,  sous  le  nom  de  bacille 
du  hog  cholera,  le  premier  representant  du  groupe. 

1°.  Les  carjfcteres  culturaux  et  morphologiques,  communs  a  tous 
les  Salmonelloses,  sont  connus,  et  il  nous  parait  inutile  a  y  insister. 

2°.  Les  reactions  biologiques  (proprietes  des  serums)  divisent  le 
groupe  des  Salmonelloses  en  deux  sous-groups: 

a.  Sousr-groupe  I.  Comprenant  comme  type  le  plus  important  le 
bacille  d'empoisonnements  alimentaires  (ou  bacille  carne)  de  Gartner. 

b.  Sous-groupe  II.  Numeriquemerit  beaucoup  plus  repandu,  com- 
prenant entre  autres:  Le  bacille  carne  du  type  aertrycke;  le  bacille 
paratyphique  B  des  infections  par  typhoides  humaines;  le  bacille 
de  la'psittacose;  le  virus  Loeffler;  quelques  echantillons  de  hog  cholera 
(echantillons  Salmon). 

D'une  maniere  generale,  le  serum  specifique  pour  le  sous  groupe 
I.  presente  une  agglutinine  et  une  sensibilisatrice  specifiques  pour 
tous  les  representants  du  sous  groupe  I ;  ces  memes  serums  n'ont  pas 
d'action  bien  nette  sur  le  bacille  du  sous  groupe  II. 

Inversement,  les  serums  specifiques  pour  l'une  quelconque  des 
especes  du  sous  groupe  II  presentent  une  agglutinine  et  une  sensi- 
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bilisatrice  sp6cifiqnes  pour  toufi  les  representants  du  sous  groupe  II. 
Le  degre  d'activite  des  serums  peut  etre  un  peu  variable  suivant  les 
especes,  sans  que  cette  inegalite  d'action  permette  de  les  separer  nette- 
ment  les  unes  des  autres. 

L'epreuve  de  la  saturation  ne  les  separe  pas  da  vantage. 

Les  serums  du  sous  groupe  II  ne  manifestent  aucune  action 
specifique  a  l'egard  des  bacilles  du  sous  groupe  I. 

3°.  Les  caracteres  culturaux  et  morphologiques  des  salmonelloses 
ne  sont  pas  a  eux  seuls  suffisarits  pour  la  delimitation  du  groupe; 
tous,  sans  exception,  y  comprit  le  cameleonage  du  lait  et  du  petit  lait 
tournesoles,  peuvent  appartenir  a  des  varietes  de  paracolibacilles,  ne 
hog  cholera  avec  les  Salmonelloses. 

Appartiennent  exclusivement  a  ce  groupe,  les  microbes  qui  pre- 
sentent,  outre  les  caracteres  morphologique  et  culturaux  indispensa- 
bles,  la  propriete  d'etre  agglutinos  a  dose  convenable  ou  de  provoquer 
la  deviation  du  complement  en  presence  de  l'un  ou  l'autre  des  deux 
serums  specifiques  signales  plus  haut. 

4°.  On  a  discute  et  on  discute  encore  sur  la  parente  des  bacilles  du 
hog  cholera  avec  les  Salmonelloses. 

En  fait,  il  parai  etabli  que  les  bacilles  dits  du  hog  cholera  ne  con- 
stituent pas  l'agent  specifique  de  cette  maladie ;  ils  ne  representent  que 
des  infections  secondaires.  Comme  tels,  on  congoit  qu'ils  puissent  ne 
pas  constituer  une  espece,  mais  bien  un  groupement  heterogene  de 
microbes  varies. 

Seule  appartient  a  notre  cadre  la  variete  decrite  originellement 
par  Salmon. 

II.    REPARTITION. 

. 

L'expansion  des  Salmonelloses  est  considerable. 
1°.  Chez  l'homme,  a  l'etat  pathologique,  dans  deux  series  de  circon- 
stances  cliniquement  differentes. 

(a)  Au  cours  des  infections  paratyphoides,  ces  microbes  peuvent 
etre  deceles  dans  le  sang,  dans  la  plupart  des  organes,  dans  les  excreta 
(selles^  i^rines). 

Ils  peuvent  persister  dans  les  selles  pendant  quelque  temps  apres 
la  guerison. 

(b)  Au  cours  des  empoisonnements  alimentaires ;  les  Salmonelloses 
existent,  generalement  en  grande  quantite,  dans  le  contenu  intestinal, 
dans  le  contenu  gastrique;  elles  ne  passent  dans  le  sang  que  chez  les 
sujets  atteints  de  formes  extremement  graves. 

2.  Chez  les  animaux  malades. —  (a)  Chez  les  animaux  boucherie, 
susceptibles  de  presenter  pendant  la  vie  des  lesions  extremement 
variees.  Diarrhee  infectieuse,  phlebite  ombilicale,  pyohemie,  chez 
le  veau;  diarrhee,  metrite,  chez  la  vache;  abces,  chez  le  pore;  abces, 
enterite,  chez  le  cheval. 
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(b)  Au  cours  d 'epizootic  chez  les  rongeurs,  rats,  seuris,  cobayes, 
etc.     *     *     * 

3.  Dans  les  aliments  contamines  les  plus  divers:  viande,  legumes, 
poisson,  cremes  de  patisserie,  etc. 

4.  Exceptionnellement,  on  peut  rencontrer  les  memes  microbes,  en 
dehors  de  tout  etat  pathologique  appreciable,  soit  chez  l'homme,  soit 
chez  diverses  especes  animales,  specialement  les  animaux  de  boucherie. 

II.    SALMONELLOSES    DANS    LES   ALIMENTS   ANAMAUX. 

Nous  devons  insister  specialement  sur  la  bacteriologie  des  aliments 
animaux. 

Les  aliments  animaux  susceptibles  de  nous  interesser  sont :  la  viande 
et  le  lait. 

(A)  Viandes. — On  peut  rencontrer  des  Salmonelloses  dans  deux 
circonstances  differentes : 

Dans  la  viande  provenant  d'animaux  infectes  (viande  malade). 

Dans  la  viande  qui,  provenant  d'animaux  sains,  a  ete  contaminee 
apres  abattage  (viandes  contaminees). 

1°.  Viandes  malades. — Comme  il  a  ete  dit  ci-dessus,  il  est  etabli 
que  certaines  affections  des  animaux  de  boucherie  sont  provoques  par 
des  Salmonelloses,  specialement  chez  le  veau,  la  vache:  le  boeuf,  le 
pore,  le  cheval. 

En  pareil  cas,  les  microbes  se  rencontrent,  non  seulement  dans  les 
lesions  locales,  mais  encore  dans  tous  les  organes  et  dans  la  chair 
musculaire.  II  s'agit  en  realite  d'une  septicemic  Cette  derniere  se 
manifeste  parfois  par  une  pullulation  des  microbes  a  l'interieur  meme 
des  vaisseaux. 

La  viande  et  les  visceres  de  ces  animaux:  inferes  par  l'homme,  pro- 
voquant  chez  lui  des  empoisonnements  alimentaires. 

II  convient  en  outre  de  noter : 

(a)  Que,  sous  certaines  observations,  l'examen  apres  abattage  n'a 
permie  de  deceler  aucune  lesion  appreciable,  bien  que  l'animal  fut 
certainement  infecte,  la  viande  renfermant  des  Salmonelloses  et  ay  ant 
provoque  des  accidents  toxiques. 

Le  fait  n'a  rien  de  surprenant  pour  des  microbes  a  cet  ordre, 
qui  sont  aptes  autant  que  nul  autre  a  provoquer  des  septicemics, 
sans  lesion  grossiere  apparente,  a  l'instant  des  infections  paraty- 
pho'i'des  humaines.  En  pareil  cas,  on  ne  pourrait  etre  appele  a  soup- 
Qonner  un  etat  pathologique  qu'en  soumettant  l'animal  a  une  observa- 
tion sanitaire  pendant  quelque  temps  avant  l'abattage ; 

(b)  Que  la  chair  musculaire  des  animaux  infectes  peut  ne  presenter 
aucune  alteration  appreciable ; 

(c)  Que  la  cuisson  diminue  general ement  la  toxicite  des  viandes 
infectes,  sans  toutefois  la  faire  disparaitre  completement. 
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(d)  Que  certaines  especes  animales,  specialement  le  mouton,  sont 
tres  rarement  infectes  par  les  Salmonelloses. 

II  semble  ressortir  de  certaines  recherches,  qui  d'ailleurs  attendent 
confirmation,  qu'on  pourrait  trouver  exceptionnellement  des  Sal- 
monelloses dans  la  viancle  saine  provenant  d'animaux  sains,  surtout 
quand  ces  derniers  ont  ete  surmenes  avant  l'abattage.  Le  fait  n'a  rien 
d'impossible,  car  il  est  connu  qu'a  la  faveur  de  toute  diminution  de  la 
resistance  de  l'organisme  les  microbes  preexistants  dans  l'intestin 
peuvent  emigrer  dans  la  circulation  generale. 

De  semblables  constatations  interessent  plus  la  biologie  generale 
que  l'hygiene;  car  il  est  vraisemblafle  que  ces  quelques  microbes 
epares  dans  les  tissus  peu  ou  pas  alteres  n'y  rencontrent  que  des 
conditions  defavorables  a  leur  developpement  ou  meme  a  leur  simple 
persistance.  Experimentalement,  les  septicemics  que  nous  avons 
provoquees  dans  des  conditions  tres  analogues  se  sont  toujours 
montrees  ephemeres  et  benignes. 

'2°.  Viandes  contaminees. — Une  viande,  primitivement  saine,  peut 
se  tf  ouver  contaminee  par  des  mecanismes  tres  varies. 

La  contamination  est  d'autant  plus  facile  que  les  elements  de  la 
viande  constituent  le  milieu  nutritif  par  excellence,  couramment  em- 
ploye en  bacteriologie. 

Les  chances  de  contamination  sont  d'autant  plus  grandes  que  la 
viande  est  soumise  a  des  manipulations  plus  nombreuses;  aussi,  les  ali- 
ments contamines  se  recrutent — ils  se  trouvent  generalement  parmi 
les  viandes  dites  travaillees:  hachis,  saucisses,  cervelas,  pates,  et  pro- 
duits  divers  de  charcuterie. 

Les  produits  de  charcuterie  sont  d'autant  plus  menaces  que  1'ad- 
jonction  d'ingredients  varies  permet  d'y  incorporer  des  viandes 
douteuses  ou  avancees,  dans  lesquelles  les  germes  de  toutes  natures 
ont  pu  se  multiplier  a  loisir. 

La  contamination  est  susceptible  d'etre  provoque  par  plusieurs 
causes. 

(a)  L'une  quelconque  des  personnes  appelees  a  manipuler  les  ali- 
ments peut  etre  infectee.  L'infection  se  traduit  chez  elle  par  une 
infection  benigne,  telle  que  l'embarras  gastrique,  trop  benigne  pour 
entraver  les  occupations  habit uelles;  ou  bien  il  s'agit  d'une  infection 
plus  grave,  soit  avant,  soit  apres  revolution  des  symptomes  severes. 
Dans  ces  diverses  circonstances  comme  nous  l'ont  demontre  nombre 
d'episodes  epidemiologiques,  le  sujet  infectieux  peut  contaminer  tous 
les  ailments,  y  compris  les  viandes.  La  contamination  se  fait  prob- 
ablement  par  l'intermediaire  des  mains,  si  l'interesse  ne  prend  pas 
quelques  precautions  elementaires  de  proprete. 

(b)  Au  meme  titre,  les  ailments  peuvent  etre  contamines  par  des 
porteurs  de  bacilles  paratyphiques.  La  plupart  de  ces  derniers  ont 
ete  atteints  anterieurement  d'une  affection  paratyhoide,  parfois  fruste 
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et  meconnue.  lis  peuvent  demeurer  contagieux  pendant  plusieurs 
annees. 

(c)  Le  contact  d'une  viande  saine  avec  une  viande  infectee,  ou 
bien  avec  des  instruments  ou  des  ustensiles  maipropres,  suffit  a  provo- 
quer  la  contamination  de  quantites  importantes  d'aliments.  Ce  mode 
de  contamination  intervient  tout  specialement  dans  le  commerce  de 
la  charcuterie,  ou  les  melanges  sont  frequents  et  les  manipulations 
nombreuses. 

Quelques  auteurs  ont  avance  qu'on  trouvait  assez  souvent  des  bacilles 
paratyphiques  dans  des  aliments  parfaitement  sains  contamines,  sans 
danger  pour  l'homme.  La  chose  est  possible;  il  n'y  a  rien  d'invrai- 
semblable  a  ce  qu'il  existe  dans  les  milieux  exterieurs  des  Salmonel- 
loses inoffensives  pour  l'homme.  Toutefois,  les  experiences  apportees 
a  l'appui  de  cette  conception  ont  ete  depuis  plutot  infirmees  que  con- 
firmees, et  par  suite  on  ne  pent  les  considerer  comme  irrefutable^. 
D'autre  part,  les  echantillons  de  microbes  rencontres  en  pareil  cas, 
tout  en  presentant  les  caracteres  cultureux  et  morphologiques  des 
Salmonelloses,  n'ont  generalement  pas  ete  sounds  au  controle*  de 
Taction  specifique  des  serums,  qui  constitue  un  criterium  indis- 
pensable.   La  question  reste  a  l'etude  et  merite  d'etre  suivie. 

Pour  le  moment,  nous  ne  pouvons  pas  considerer  comme  suspecte 
toute  viande,  travaillee  ou  non,  infestee  par  des  Salmonelloses  bien 
caracterisees.  L'experience  nous  a  trop  nettement  demontre  que  de 
tels  aliments  sont  d'ordinaire  toxiques  pour  l'homme. 

(B)  Lait. — Comme  pour  la  viande,  le  lait  peut  etre  infecte  soit 
par  suite  d'une  maladie  de  l'animal,  soit  par  suite  d'une  contamina- 
tion acciden  telle : 

1°.  En  cas  de  mammite,  provoquee  par  les  Salmonelloses,  chez  la 
vache,  le  lait  peut  etre  profondement  infecte. 

2°.  Un  lait,  pur  a  l'origine,  peut  etre  contamine  ulterieurement : 

(a)  Par  l'un  ou  l'autre  des  mecanismes  indiques  a  propos  de  la 
viande: 

(b)  Par  addition  d  eau  souillee. 

Les  bacilles  paratyphiques  peuvent  passer  dans  les  eaux  avec  les 
dejections,  les  urines,  les  eaux  de  lavage  de  boucheries,  d'abbatoirs, 
etc. 

v       IV.    ETIOLOGIE    DES    INFECTIONS    HUMAINES    A    SALMONELLOSES. 

L'homme,  tres  receptif  a  l'egard  de  la  plupart  des  Salmonelloses, 
peut  etre  infecte  de  diverses  manieres. 

1°.  Par  contagion  directe  de  rwalade  a  sujet  sain. — Cette  contagion 
directe  est  beaucoup  plus  frequente  dans  les  infections  paratyphoides 
que  dans  les  empoisonnements  alimentaires. 

C'est  remarquable  de  constater  que  la  forme  clinique  des  atteintes 
secondaires,  par  contact,  est  generalement  identique  a  l'atteinte  primi- 
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tive,  contagionnante.  Une  infection  paratyphoi'de  donne  naissance 
an  syndrome  d'infection  paratyphoi'de,  et  non  pas  au  syndrome  d'em- 
poisonnement  alimentaire;  il  en  est  de  meme,  mutatis  mutandis,  <in 
cas  de  contagion  secondaire  des  empoisonnements  alimentaires. 

2°.  Par  contagion  indirecte. — Cette  contagion  se  fait  par  l'inter- 
mediaire  des  aliments  infectes. 

(a)  L'infection  peut  venir  de  l'homme  lui-meme:  contagion  des 
aliments  par  le  personnel  appele  a  les  manipuler;  contamination  des 
eaux  de  boisson,  des  eaux  de  lavage,  etc.  Les  formes  cliniqnes  ob- 
servers en  pareil  cas  sont  tres  variables;  tantot  infection  paratyphoi'de. 
tantot  empoisonnements  alimentaires. 

(b)  L'aliment,  provenant  d'nn  animal  malade,  peut  etre  infecte 
d&s  I'origine.  De  tels  aliments  engendrent  regulierment  chez  l'homme 
des  empoisonnements  alimentaires. 

V.    RAPPORTS  DES  DIVERSES  SALMONELLOSES  ENTRE  ELLES. 

1°.  Au  point  du  vue  clinique,  les  affections  provoquees  par  les  Sal- 
monelloses chez  l'homme  ou  chez  les  animaux  sont  des  plus  disparates. 

Entre  ces  di verses  Salmonelloses,  la  bacteriologie  ne  reconnait 
cependant  actuellement  aucune  difference  appreciable ;  il  en  est  ainsi 
particulierement  du  bacille  paratyphique  B  des  infections  paraty- 
phoides  humaines  et  du  bacille  type  aertrycke  des  empoisonnements 
alimentaires. 

Cette  diversite  de  reaction  clinique  en  presence  de  microbes  en  ap- 
parence  identiques  est  un  peu  troublante. 

Pour  l'expliquer,  Trautmann  en  fait  appel  a  une  conception  in- 
genieuse  bien  connue.  "  L'intoxication  par  la  viande  est  une  forme 
aigiie,  le  paratyphus  une  forme  sub-aigiie,  d'une  maladie  infectieuse, 
une  au  point  de  vue  etiologique."  C'est-a-dire  que  l'ingestion  de 
microbes  en  petite  quantite,  susceptibles  des  pullules  peu  a  peu  dans 
l'intestin,  determinerait  un  malade  a  evolution  relativement  lente; 
tandis  que  l'affection  aigue  succederait  a  l'ingestion  d'une  grande 
quantite  des  memes  microbes  avec  leur  toxine. 

Cette  conception  me  parait  en  partie  exacte;  toutefois,  elle  n'ex- 
plique  pas  tout. 

Diverses  raisons  empruntees,  partie  a  l'observation,  partie  a  l'ex- 
perimentation,  amenent  a  croire  qu'en  realite  certaines  Salmonelloses 
tout  douees  originellement  de  proprietes  toxiques,  qui  font  defaut 
chez  d'autres;  et  inversement,  ces  dernieres  peuvent  etre  douees  de 
proprietes  infectieuses,  marquees  par  leur  tendance  a  la  generalisa- 
tion, qui  sont  exceptionnelles  chez  les  jDremieres. 

Malgre  leur  identite  apparente,  j'estime  que  les  bacilles  carnes  et 
les  bacilles  paratyphiques  doivent  etre  considered  comme  pourvus 
de  fonctions  biologiques  un  peu  differentes,  les  premiers  surtout 
toxiques,  les  seconds  surtout  infectieux. 
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Ces  differences  biologiques  sont  d'ailleurs  surtout  accusees  dans 
les  types  extremes,  entre  lesquels  il  existe  certains  intermediates. 

2°.  D'autre  part,  parmi  les  Salmonelloses  il  existe  certainement  des 
especes  pen  virulentes  pour  l'homme.  II  semble  en  etre  ainsi  en  par- 
ticulier  de  la  plupart  des  virus  des  rongeurs.  Ces  derniers,  en  effet, 
malgre  le  commerce  considerable  dont  ils  sont  Fob  jet,  ne  paraissent 
avoir  infecte  l'homme  que  d'une  maniere  exceptioniielle.  La  rarete 
meme  cle  ces  infections  suffit  a  montrer  que  tout  au  moins  des  nuances 
biologiques  separent  ces  virus  des  Salmonelloses  habituellement  pa- 
thogenes  pour  l'homme ;  l'existence  indeniable  des  accidents  qu'ils  peu- 
vent  provoquer  chez  l'homme  suffit  d'autre  part  a  demontrer  que  ces 
nuances  biologiques  ne  sont  pas  irreductibles. 

3°.  L 'experience  a  montre  que  la  viande  des  pores  atteints  de 
pneumo-enterite  n'est  toxique  pour  l'homme  que  d'une  maniere  ex- 
ceptionnelle. 

On  peut  accepter  a  l'heure  actuelle  que  la  toxicite  existe  exclusive- 
ment  dans  le  cas  ou  il  s'est  produit  une  infection  secondaire  par  le 
bacille  de  Salmon.  En  toute  autre  circonstance,  la  viande  peut  etre 
contaminee  sans  danger. 

A  cet  egard,  l'histoire  du  cholera  du  pore  est  identique  a  celle  de  la 
diarrhee,  de  la  pyohemie,  du  veau,  des  abces  du  cheval,  etc.;  ces 
diverses  maladies  infectieuses  sont  en  effet  susceptibles  d'etre  pro- 
voquees  par  des  microbes  varies;  la  viande  n'est  dangereuse  que  si 
Tagent  infectieux  est  pathogene  pour  l'homme. 

4°.  La  comparaison  des  faits  suggere  l'opinion  que  les  Salmonelloses 
se  sont  accoutumees  peu  a  peu  a  telle  ou  telle  espece  animale,  a  l'egard 
de  laquelle  elle  se  montre  particulierement  offensive  dans  les  condi- 
tions naturelles :  bacille  paratyphique  B  chez  l'homme,  bacilles  carnes 
chez  les  bovides,  virus  des  rongeurs  chez  les  rongers,  etc.  Mais  ces 
fixations  relatives  n'ont  rien  d'absolu,  et  ces  memes  microbes  sont 
aptes  a  infecter  d'autres  especes  animales,  quand  les  circonstances  s'y 
pretent ;  et  l'homme,  en  raison  de  son  alimentation  carnee,  y  est  parti- 
culierement expose. 

VI.    PROPHYLAXIE. 

1°.  A  V egard  des  individus  contagieux. —  (a)  II  est  necessaire  de 
soumettre  a  l'isolement  tout  individu  atteint  d'une  infection  provoquee 
par  les  Salmonelloses. 

Les  malades  presentant  la  forme  clinique  dite  infection  paraty- 
phoi'de  ne  doivent  pas  etre  melanges  avec  les  malades  atteints  de 
fievre  typhoide. 

II  serait  desirable  que  l'isolement  soit  maintenu  jusqu'a  ce  que  les 
bacilles  nient  certainement  disparu  des  excreta. 

On  prendra  les  merries  mesures  de  disinfections  qu'a  l'egard  de  la 
fievre  typhoide. 
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(b)  Certaines  professions  meritent  une  attention  speciale,  en  raison 
de  ce  que  leurs  adherents  prennent  part  a  la  manipulation  des  ali- 
ments; specialement  le  personnel  des  boucheries,  charcuteries,  des 
cuisines,  des  services  des  restaurants  et  hotels,  etc. 

On  a  le  droit  de  demander  que  dans  les  etablissements  ou verts  au 
public,  tout  ce  personnel  soit  soumis  a  une  surveillance  medicale 
constante,  tant  au  moment  de  l'embauchage  que  pendant  la  duree  de 
son  service.  Au  premier  signe  d'infection,  tout  individu  suspect 
serait  eloigne  et  soumis  a  un  examen  medical  et  bacteriologique,  dont 
les  resultats  dicteraient  la  mesure  a  prendre.  Une  indemnite  raison- 
nable  serait  attribue  a  l'interesse. 

2°.  A  Fegard  des  animaux  malades. — La  surveillance  sanitaire  de 
tout  animal  destine  a  1'alimentation  humaine  est  indispensable. 

(A)  Elle  doit  etre  pratiquee: 

(a)  Avant  l'abattage,  pour  reconnaitre  les  symptomes,  diarrhee, 
etat  febrile,  de  certaines  maladies  qui  peuvent  ne  determiner  aucune 
lesion  anatomique  appreciable. 

(b)  Apres  l'abattage,  en  vue  de  deceler  toute  lesion  pathologique. 
Pour  chaque  animal  suspect,  il  serait  necessaire   de   proceder  a 

l'examen  bacteriologique  (examen  direct,  culture)  du  tissu  muscu- 
laire,  du  foie  et  de  la  rate.  L'existence  en  quantite  appreciable  de 
bacilles  appartenant  certainement  au  groupe  des  Salmonelloses  en- 
trainerait  la  saisie  totale  (la  sterilisation  par  la  chaleur  est  insuffi- 
sante),  avec  indemnisation  du  proprietaire. 

(B)  L'application  stricte  de  la  surveillance  sanitaire  des  animaux 
exige  une  inspection  obligatoire  et  generalisee. 

Elle  doit  etre  organisee  dans  les  pays  ou  elle  n'existe  pas  encore. 

Cette  inspection  ne  peut  etre  assuree  que  par  des  personnes  compe- 
tentes,  veterinaire,  ou  a  defaut,  medecin.  II  est  illusoire  et  il  pourrait 
etre  dangereux  de  confier  un  tel  service  a  des  personnes  d'une  com- 
petence douteuse. 

^inspection. — Afin  de  permettre  le  fonctionnement  du  service  d'ins- 
pection,  les  abattages  ne  doivent  avoir  lieu  qu'exclusivement  dans  des 
abattoirs  publics,  soumis  a  une  surveillance  permanente.  Comme  con- 
sequence, suppression  complete  des  tueries  particulieres. 

3°.  A  Vegard  des  industries  de  travail  ou  de  debit  des  viandes 
{charcuteries\  etc.). —  (a)  En  ce  que  concerne  l'etat  de  sante  des  per- 
sonnes, il  serait  necessaire  de  les  soumettre  au  regime  prevu  en  1°  (b) 
ci-dessus. 

(b)  La  proprete  la  plus  meticuleuse  sera  constamment  observee, 
tout  en  ce  qui  concerne  les  soins  corporels  des  personnes  que  l'entre- 
tien  des  instruments,  utensiles  et  locaux. 

(c)  On  interdira  avec  la  derniere  rigueur  l'emploi  de  yiandes  de 
mauvaise  qualite. 
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(d)  La  creation  d'ateliers  centraux  de  charcuterie,  preconisee  de 
divers  cotes,  pour  faciliter  la  salubrite  des  operations  et  la  surveil- 
lance sanitaire  est  une  ceuvre  logique  et  recommandable. 

4°.  Precautions  familiales. —  (a)  Les  personnes  qui  utilisent  les 
virus  des  rongeurs  seront  prevenues  du  danger  eventuel  de  ces  virus 
pour  l'homme  et  des  mesures  a  prendre  pour  eviter  tout  accident. 

(b)  Dans  tous  les  pays  ou  les  empoisonnements  par  les  Salmonel- 
loses sont  quelque  peu  frequents,  il  est  indique  de  limiter  au  strict 
minimum  la  consommation  de  viande  a,  l'etat  cru.  Le  public  doit 
etre  reseigne  a  cet  egard. 

RESUME. 

I.  Les  Salmonelloses  comprennent  comme  especes  principales  les 
bacilles  d 'empoisonnements  alimentaires  (types  Gartner  et  type 
Aertrycke),  le  bacille  paratyphique  B,  les  virus  des  ronjeurs,  quelques 
echantillons  de  bacilles  du  hog  cholera. 

L'action  des  serums  specifiques  separe  les  Salmonelloses  en  deux 
sous-groupes. 

Appartiennent  exclusivement  aux  Salmonelloses  les  microbes  qui 
presentent,  outre  les  caracteres  generaux  indispensables,  la  propriete 
d'etre  agglutines  ou  de  provoquer  la  deviation  du  complement  en 
presence  de  Fun  ou  l'autre  des  serums  specifiques  pour  chacun  des 
deux  sous-groupes. 

II.  Les  Salmonelloses  sont  tres  repandues.  On  les  rencontre  entre 
autres:  Chez  l'homme  malade,  dans  les  infections  paratyphoides  et 
les  empoisonnements  alimentaires ;  chez  les  animaux  de  boucherie,  au 
cours  de  maladies  diverses;  dans  certaines  epizooties  des  rongeurs; 
dans  divers  aliments  contamines;  parfois  chez  l'homme  ou  les  ani- 
maux a  l'etat  sain. 

III.  Les  aliments  animaux  le  plus  frequemment  infectes  sont  les 
viandes  et  le  lait. 

(A)  Viandes. — L'infection  peut  provenir  de  ce  que  l'animal  etait 
atteint  d'une  maladie  provoquee  par  une  Salmonellose ;  ce  sout  les 
viandes  dites  malades.  La  maladie  de  l'animal  peut  s'accompagner 
ou  non  de  lesions  anatomiques  appreeiables.  Dans  tous  les  cas,  c'est 
la  septicemic  qui  coustitue  le  phenomene  le  plus  important. 

La  presence  eventuelle  de  Salmonelloses  dans  la  viande  d'ani- 
maux  sains  n'a  rien  d'impossible,  mais  ne  parait  pas  constituer  un 
danger  sanitaire  serieux. 

Une  viande  primitivement  saine  peut  etre  infectee  apres  abatage 
(viande-  contaminees) .  Les  mecanismes  de  contamination  sont  tres 
varies:  il  faut  citer  en  premiere  ligne  le  role  des  personnes  appelees 
a  manipuler  les  aliments  dans  les  cuisines,  les  charcuteries,  etc.  La 
contamination  pent  se  prodiiire  egalement  par  contact  avec  des  ali- 
ments infectes.  avec  des  instruments  malpropres,  etc. 
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II  n'est  pas  demon  t  re  que  des  Salmonelloses  bien  caracterisees 
puissent  exister  dans  les  aliments  sans  provoquer  d'accidents. 

(B)  Lait. — Memes  mecanismes  de  contamination  que  pour  la 
viande.    En  plus,  contamination  par  l'eau  souillee. 

IV.  L'homme  pent  contracter  des  infections  a  Salmonelloses, 
soit  par  contact  direct,  soit  par  ingestion  d'aliments  ou  d'eaux  con- 
taminees. 

V.  Les  diverses  Salmonelloses,  identiques  les  unes  aux  autres  devant 
la  bacteriologie,  different  probablement  par  certaines  proprietes 
biologiques. 

VI.  La  prophylaxie  doit  viser: 

(a)  L'individu  contagieux:  isolement  disinfection. 

(b)  La  surveillance  sanitaire  de  tous  les  individus  prenant  part 
aux  professions  alimentaires. 

(c)  La  surveillance  des  animaux  de  boucherie,  avant  et  apres 
Pabatage,  avec  inspection  obligatoire  et  generalises. 

(d)  La  surveillance  des  ateliers  de  charcuterie. 

(e)°  L'education  du  public  en  ce  qui  concerne  l'emploi  des  virus  des 
rongeurs  et  le  danger  possible  des  viandes  crues. 


REPRESENTATIVES    OF    THE    GARTNER    GROUP    ISOLATED    FROM 
THE  TISSUES  OF  LABORATORY  ANIMALS. 

John  C.  Torrey,  Ph.  D.,  Assistant  Professor  of  Experimental  Pathology  and 
•    Lecturer  in  Hygiene,  Cornell  University  Medical  College,  New  York  City. 

It  is  generally  agreed  that  our  knowledge  of  the  occurrence  and 
distribution  of  the  B.  enteritidis  of  Gartner  in  nature,  aside  from 
its  presence  in  infected  meat,  is  still  far  from  complete.  This  bacil- 
lus has  frequently  been  isolated  from  meat,  and,  to  a  less  extent,  also 
from  vegetable  foods  which  have  been  the  causative  factors  in  more 
or  less  severe  outbreaks  of  food  poisoning,  but  little  light  has  gen- 
erally been  shed  on  the  ultimate  source  of  these  bacilli  nor  on  the 
mode  of  infection  of  the  foodstuffs:  It  is  my  desire  to  invite  your 
attention  to  a  distributing  vehicle  for  these  bacilli  which  seems  to  be 
of  considerable  importance  and  which  has  hitherto  been  entirely 
overlooked. 

In  the  course  of  an  investigation  into  the  etiologv  of  canine  dis- 
temper— an  epizootic  centering  generally  in  the  respiratory  tract 
and  affecting  primarily  the  mucous  surfaces  throughout  the  body — 
I  have  found  that  the  Bacillus  enteritidis  (Gartner)  is  frequently 
encountered  in  the  organs  of  dogs  suffering  from  this  infectious  dis- 
ease. This  bacillus  is  not  the  cause  nor  even  an  important  factor  in 
the  disease,  but  occurs  as  a  more  or  less  sporadic  invader  of  the 
tissues. 
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An  important  symptom  of  the  severer  type  of  canine  distemper  is 
a  bloody  mucous  diarrhea  associated  with  a  more  or  less  intense 
enteritis,  and  induced  primarily  by  the  toxin  of  the  distemper  bacil- 
lus (B.  bronchisepticus) .  On  autopsy,  the  mucosa  may  be  found 
to  be  eroded  and  highly  congested  throughout  the  large  and  small 
intestine.  It  seems  probable,  accordingly,  that  the  presence  of  these 
Gartner  bacilli  in  certain  organs  of  the  dog  is  due  to  their  gaining 
access  to  the  lymph  or  possibly  the  blood  stream  through  this 
weakened  intestinal  epithelium. 

In  a  series  of  63  consecutive  cases  of  natural  and  experimental 
canine  distemper,  which  have  been  examined  carefully  bacteriologi- 
cally,  the  B.  enteritidis  (Gartner)  has  been  found  in  one  or  more  of 
the  internal  organs  of  12  dogs,  or  19  per  cent.  As  will  be  presently 
demonstrated,  these  bacilli  are  identical  with  stock  cultures  of  the  B. 
enteritidis  (Gartner)  of  definite  history  and  reliable  source.  These 
bacilli  have  been  encountered  most  frequently  in  the  liver,  next  in 
the  spleen,  and,  more  rarely,  in  the  kidney,  lungs,  and  blood.  In 
some  instances  only  a  few  colonies  of  this  bacillus  haye  appeared  on 
the  plates;  whereas,  in  others,  the  organs  seemed  to  be  swarming 
with  them.  Such  was  the  finding  in  a  distemper  dog  which  had 
succumbed  to  a  lobular  pneumonia.  In  the  consolidated  parts  of 
the  lung  the  Gartner  bacillus  was  recovered  in  pure  and  luxuriant 
culture,  while  in  the  unaffected  lung  areas,  and  in  other  organs,  there 
were  none  present.  One  dog,  which  had  suffered  a  relapse  and  was 
very  weak,  was  found  to  be  fairly  swarming  with  the  B.  enteritidis, 
as  it  was  recovered  readily  from  the  blood,  the  respiratory  tract,  the 
liver,  spleen,  and  kidney,  and  in  almost  pure  culture  from  the  large 
and  small  intestine. 

As  a  control  for  these  distemper  dogs  a  series  of  19  normal  dogs 
were  examined.  The  B.  enteritidis  was  found  in  the  organs  of  only 
one  of  these  and  in  small  numbers  in  the  spleen.  Further,  the  agglu- 
tinins in  the  blood  of  this  animal  indicated  that  it  had  only  recently 
recovered  from  an  attack  of  distemper. 

This  bacillus  apparently  does  not,  as  a  rule,  invade  the  viscera 
nor  multiply  in  the  intestinal  tract  until  the  final  stages  of  the 
disease,  when  the  vitality  of  the  animal  is  seriously  impaired  by  the 
distemper  virus,  for  of  the  positive  findings,  75  per  cent  occurred 
in  animals  which  were  undergoing  a  severe  attack  of  the  disease. 
In  this  series  of  63  cases  of  distemper  there  were  28  dogs  which  were 
either  dead  at  the  time  of  culturing,  or  were  beyond  the  prospect  of 
recovery,  and,  from  the  organs  of  these  severe  or  fatal  cases,  the  B. 
enteritidis  was  recovered  in  9  instances,  or  in  32  per  cent,  whereas, 
among  35  dogs  which  were  suffering  from  mild  attacks  of  distemper, 
or  which  were  autopsied  in  the  early  stages  of  the  disease,  the 
Gartner  bacillus  was  recovered  from  only  3,  or  8.5  per  cent.     It 
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would  seem,  then,  that  about  one-third  of  the  dogs  which  suffer 
severe  attacks  of  distemper  are  harboring  and  probably  eliminating 
the  meat-poisoning  bacillus  of  Gartner. 

In  a  series  of  18  dogs  in  which  material  from  different  portions 
of  the  intestine  was  plated  out  on  Endo  medium  the  B.  enteritidis 
was  isolated  in  two  individuals,  or  11  per  cent.  One  of  these  was  an 
animal  which  had  recently  recovered  from  distemper,  and  the  B.  en- 
teritidis was  found  in  small  numbers  in  the  rectum.  The  other  dog 
was  dying  from  distemper  and  uncinaria  infection.  Endo  plates, 
seeded  with  the  content  of  both  the  small  and  large  intestine,  were 
crowded  with  colonies  of  B.  enteritidis;  in  fact,  this  bacillus  was 
present  in  almost  pure  culture.  The  blood,  and  such  of  the  organs 
of  this  dog  as  were  plated,  were  also  impregnated  with  large  num- 
bers of  the  bacillus.  It  is  evident  that  such  a  case  might  serve  as  a 
dangerous  distributor  of  this  bacillus. 

This  investigation  has  not  been  carried  far  enough  to  justify  a 
definite  statement  in  regard  to  the  frequency  of  this  bacillus  in  the 
intestinal  tract  of  not  only  apparently  normal  dogs,  but  especially 
dogs  dying  with  distemper,  nor  have  the  methods  used  thus  far  been 
the  most  favorable.  I  believe,  however,  that  a  considerable  percent- 
age of  normal  dogs  harbor  the  B.  enteritidis  in  the  intestine,  although 
in  such  very  small  numbers  that  their  isolation  is  a  matter  of  con- 
siderable difficulty,  but  during  a  severe  attack  of  distemper  these 
bacilli  begin  to  multiply,  and  in  the  last  stages  may  become  the 
dominant  microorganism  in  the  intestinal  flora,  as  was  the  case  in  the 
example  just  cited.  This  multiplication  is  no  doubt  greatly  favored 
by  the  devitalizing  action  of  the  distemper  virus,  and  especially 
by  the  fact  that  it  may  be  accompanied  by  an  intense  inflammation 
and  a  very  active  secretion  of  mucus  by  the  intestinal  epithelium, 
which,  as  Pies  has  pointed  out,  facilitates  the  growth  of  bacilli  of 
the  typhoid  group. 

In  the  course  of  an  investigation  into  the  nature  of  a  destructive 
cheesy  pneumonia  occurring  among  laboratory  white  rats  a  bacillus 
identical  in  every  way  with  the  B.  enteritidis  recovered  from  dogs 
was  isolated  from  the  lung  of  one  individual. 

As  cats  are  susceptible  to  distemper,  and  also  enjoy  a  natural  im- 
munity to  the  B.  enteritidis,  it  was  considered  possible  that  they, 
like  dogs,  may  harbor  these  bacilli.  The  results  thus  far  with  normal 
cats  have  been  negative.  Endo  plates  made  from  the  liver  and  spleen 
have  always  proved  sterile,  and  from  the  intestinal  content  no  bacilli 
have  been  isolated  which  are  identical  with  the  meat-poisoning 
bacillus,  although  types  which  induce  a  typical  alkalinity  in  litmus 
milk  and  ferment  glucose  with  gas  production,  but  not  lactose,  are 
common,  as  they  are  also  in  the  intestinal  flora  of  the  dog.  None  of 
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them,  however,  ferment  dulcit,  and  they  failed  to  agglutinate  with 
any  paratyphoid  serums  in  dilutions  higher  than  1-200.  They  con- 
form to  one  or  more  of  the  types  of  Morgan's  bacillus.  The  B.  proteus 
vulgaris  is  also  common  in  the  intestinal  flora  of  both  animals. 

These  bacilli  isolated  from  dogs  are  identical  culturally  with  stock 
cultures  of  the  B.  enteritidis  (Gartner).  They  are  motile,  Gram- 
negative  bacilli  of  typical  morphology.  They  do  not  produce 
indol  in  peptone  water,  but  reduce  nitrates  to  nitrites  and  ferment 
with  gas  production  the  carbohydrates,  dextrose,  levulose,  galactose, 
maltose,  mannit,  dulcit,  and  sorbit,  but  not  lactose,  saccharose,  adonit, 
raffinose  and  inulin.  They  produce  30  to  50  per  cent  of  gas  in  dex- 
trose broth,  and  the  Voges-Proskauer  reaction  is  negative.  With  lit- 
mus milk,  the  initial  acidity  gives  way  in  two  or  three  days  to  an 
increasing  alkalinity,  which  in  two  to  three  weeks  becomes  intense. 

That  these  cultures  isolated  from  dogs,  and  also  the  culture  from 
the  white  rat,  are  the  B.  enteritidis  of  Gartner5  and  not  some  other 
species  of  the  enteritidis  group,  is  conclusively  proved  by  agglutina- 
tion experiments.  The  two  stock  cultures  with  which  they  were  com- 
pared were  obligingly  furnished  by  the  department  of  public  health 
of  the  American  Museum  of  Natural  History,  New  York — one  of 
them  came  originally  from  the  Rockefeller  Institute  and  the  other 
from  Krai.  The  culture  of  B.  cholerce  suis  was  received  from  the 
same  source  and  was  originally  isolated  by  Dr.  Billings  from  hog 
cholera.  The  representative  of  the  paratyphoid  B  group  is  a  Schott- 
muller  strain.  The  antisera  were  prepared  by  inoculating  rabbits 
intraperitoneally. 

Chart  I. 

Identification  of  B.  enteritidis  cultures  from  dogs  and  rat  by  agglutination 

experiments. 


Cultures. 


1.  B.  enteritidis,  No.  18  (Gartner) 

2.  B.  enteritidis,  No.  132  (Gartner). . . . 

3.  Dog  baciliua,  No.  69,  liver 

4.  Dog  bacillus,  No.  82,  intestine 

5.  Rat  bacillus,  lung 

6.  B.  cholerae  suis 

7.  B.  paratyphosus,  B.  (Schottmuller) 


Antiserums. 


B.  enteri- 
tidis, 

No.  132 
(Gart- 
ner). 


32,000 
32,000 
24,000 
24,000 
24,000 
<200 
<200 


Dog 
bacillus 
No.  59. 


32,000 
32,000 
32,000 
32,000 
32,000 
<100 
<100 


B.  chol- 
erae suis. 


50 

50 

<50 

<50 

<50 

20,000 

50 


B.  para- 
typhosus, 
B. 


50 
50 
<50 
<50 
<50 
<50 
2,000 


As  is  shown  in  the  chart  the  stock  cultures  of  B.  enteritidis  and  the 
dog  and  rat  cultures  interagglutinate,  whereas  none  are  clumped 
except  in  very  low  dilutions  by  antisera  to  the  B.  cholerae  suis  and 
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B.  paratyphosus,  B.  Nor  do  these  two  cultures  interagglutinate  with 
the  anti-Z?.  enteritidis  serum  or  with  the  anti-dog-culture  serum. 
With  a  single  exception  all  the  cultures  isolated  from  dogs,  culturally 
like  B.  enteritidis,  agglutinated  with  striking  uniformity  and  prac- 
tically to  the  limit  of  the  serums  immune  either  to  the  dog  cultures 
or  to  the  stock  B.  enteritidis  cultures,  and  all  evidently  belong  to  the 
same  strain.  In  the  one  exception,  the  culture  isolated  from  the  liver 
of  a  certain  dog  agglutinated  well,  whereas  cultures  from  the  spleen, 
although  absolutely  identical  culturally  with  the  B.  enteritidis.  failed 
both  to  agglutinate  with  enteritidis  serum  and  also  to  absorb  any 
specific  agglutinin  for  the  same.  Stromberg  has  described  similar 
nonagglutinating  strains  of  the  B.  enteritidis  and  considers  them 
degenerated  forms. 

Absorption  experiments  provide  the  last  link  in  the  proof  that 
these  cultures  isolated  from  distemper  dogs  are  true  representa- 
tives of  the  B.  enteritidis.  No  attempt  was  made  to  exhaust  the 
serums  in  these  experiments,  but  the  results  show  conclusively  that 
the  dog  cultures  can  absorb  the  specific  agglutinins  from  an  enteritidis 
(Gartner)  serum  and  also  that  the  stock  B.  enteritidis  cultures  absorb 
the  specific  agglutinins  from  a  serum  immune  to  a  dog  culture. 
Absorptions  seem  to  offer  a  rational  and  conclusive  mode  of  identify- 
ing these  bacilli  of  the  paratyphoid  group,  but  in  many  investigations 
have  been  neglected. 

Strangely  enough  no  specific  agglutinins  for  these  bacilli  were  pro- 
duced in  the  blood  of  the  dogs  which  harbored  them,  although  in  one 
instance  they  were  found  in  great  abundance  throughout  the  body. 

These  cultures  from  dogs  are  highly  virulent  for  rabbits,  guinea 
pigs,  and  white  mice  (as  has  been  reported  to  be  the  case  with  strains 
of  the  B.  enteritidis  from  other  sources),  decidedly  less  toxic  for 
white  rats  and  cats,  and  not  at  all  so  for  dogs.  For  guinea  pigs  they 
revealed  a  toxicity  fully  10  times  as  great  as  the  stock  cultures  of 
B.  enteritidis  (Gartner),  0.001  of  a  cubic  centimeter  of  a  24-hour 
broth  culture  proving  fatal  in  24  hours.  Rabbits  were  killed  by  0.1 
cubic  centimeter  in  24  hours  and  by  0.01  cubic  centimeter  in  5  days, 
when  inoculated  intraperitoneally.  One-tenth  of  an  agar  culture, 
sterilized  by  heat,  also  proved  fatal,  indicating  that  the  toxin  is  to  a 
certain  extent  heat  resistant,  as  is  known  to  be  the  case  with  Gartner's 
bacillus.  White  mice  are  exceedingly  susceptible,  as  0.001  cubic  centi- 
meter of  a  24-hour  broth  culture,  inoculated  intraperitoneally,  killed 
in  24  hours,  and  0.0001  in  3  days ;  on  the  other  hand,  white  rats  seem 
to  enjoy  a  relative  immunity,  as  about  0.5  cubic  centimeter  intra- 
peritoneally was  required  to  kill.  Two  cubic  centimeters  inoculated 
intraperitoneally  into  a  cat  caused  a  diarrhea  and  sickness,  fatal 
within  14  days. 
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In  the  study  of  the  virulence  of  bacilli  of  the  enteritidis  group, 
feeding  experiments  are  of  value  and  interest.  With  these  dog  cul- 
tures I  was  not  successful  in  inoculating  white  rats  by  feeding,  but 
with  white  mice  the  results  were  striking  and  uniformly  successful. 
The  culture  used  was  a  strain  isolated  from  the  intestine  of  a  dis- 
temper dog.  Mice  fed  on  bread  moistened  with  an  emulsion  of  this 
bacillus  sickened  in  three  to  five  days  and  died  in  four  to  six. days. 
Autopsy  showed  a  congested  condition  of  the  small  intestine  and  a 
bloody  mucous  content,  the  spleen  was  much  swollen  and  dark,  and 
the  liver  embodied  more  or  less  extensive  and  scattered  necrotic  areas ; 
there  appeared  also  in  certain  instances  a  congested  state  of  the  lungs, 
with  some  consolidation.  Pure  cultures  of  these  bacilli  were  recov- 
ered from  the  heart  blood,  the  liver,  and  the  spleen. 

As  is  well  known,  the  B.  enteritidis  (Gartner)  is  not  toxic  for  the 
dog,  and  the  enteritidis  cultures  isolated  from  the  dogs  themselves 
proved  no  exception  to  this  rule.  A  puppy  withstood  the  intra- 
peritoneal inoculation  of  several  thousand  times  the  fatal  dose  for 
rabbits  without  ill  effect.  The  subcutaneous  inoculation  of  large 
doses  of  this  bacillus  produced  a  more  or  less  extensive  gaseous  swell- 
ing, but  the  animal  seemed  to  suffer  little,  if  any,  (Jiscomfort.  This 
tolerance  of  the  dog  to  the  meat-poisoning  bacillus  seems  of  consid- 
erable importance,  as  it  permits  a  great  increase  of  the  bacilli  within 
the  body  and  a  long  period  of  elimination  before  death  from  dis- 
temper ensues. 

As  far  as  I  am  aware,  there  is  no  record  in  the  literature  of  the  B. 
enteritidis  (Gartner)  being  isolated  from  dogs.  Although  members 
of  the  intermediate  group  have  been  reported  as  occurring  in  these 
animals,  yet  the  identification  has  not  been  definite.  Ruediger,  in 
the  Philippines,  has  reported  the  isolation  of  a  paratyphoidlike 
bacillus  from  the  blood  and  organs  of  a  dog  examined  for  Negri 
bodies.  This  bacillus  was  culturally  like  the  intermediate  group, 
but  its  specific  affinities  could  not  be  determined  by  agglutination — 
no  enteritidis  serum  was  available.  Courmont  and  Rochaix,  also 
Vallet  and  Reinbaud,  have  described  intermediates  as  occurring  with 
more  or  less  frequency  in  the  fecal  discharges  of  dogs,  especially  those 
of  the  street.  These  bacilli  were  not  specifically  identified,  however, 
and,  from  the  descriptions,  many  were  atypical  B.  coli.  Aside  from 
these  reports,  the  importance  of  the  dog  as  a  distributor  of  bacilli 
of  the  paracolon  group  has  never  been  realized.  Bacilli  of  this 
group  have  occasionally  been  reported  as  associated  with  epizootics 
among  guinea  pigs  and  rabbits  in  various  parts  of  the  world. 
O'Brien  and  Petrie  recovered  the  B.  mipestifer  from  victims  of  one 
outbreak,  and  Bainbridge  and  O'Brien  the  B.  enteritidis  from  an- 
other.    Boycott  has  described  an  infective  methemoglobinuria  oc- 
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curring  naturally  among  white  rats,  caused  by  the  B.  enteritidis,  and 
prevailing  to  the  extent  of  1  per  cent  of  the  total  number.  Rat 
viruses  are  commonly  prepared  with  strains  of  the  B.  ententidis  and 
this  bacillus  may  be  more  or  less  widely  distributed  through  these 
animals.  This  bacillus,  or  nearly  related  ones,  have  been  described 
as  the  cause  of  enteritis  in  a  considerable  variety  of  birds  and  mam- 
mals other  than  those  already  specified. 

Granting  that  these  strains  of  the  B.  enteritidis,  which  occur  under 
varying  conditions  in  animals,  may  possess  infective  properties  for 
man — and,  although  there  is  not  sufficent  evidence  for  generalization, 
in  certain  instances  they  have  been  proved  to  possess  such  a  char- 
acter— the  dog  apparently  presents  the  greatest  source  of  danger  as 
a  distributor  of  the  meat-poisoning  bacillus  of  any  of  the  domestic 
animals,  coming,  as  it  does,  in  close  and  generally  almost  unrestricted 
contact  with  man  and  his  food  products.  It  is  noteworthy  that  dis- 
temper is  exceedingly  common  among  young  dogs,  and  that  a  very 
high  percentage  of  street  dogs  suffer  from  the  infection  during  the 
first  years  of  life,  with  a  death  rate  of  30  per  cent,  or  higher.  Dogs 
are  very  commonly  kept  by  farmers  and  dairymen,  and  generally 
have  free  access  to  the  stockyards  and  stalls  of  the  cattle.  A  certain 
proportion  of  them  inevitably  suffer  from  an  attack  of  distemper, 
and  it  is  quite  possible  that  they  are  at  times  in  a  position  to  infect 
live  stock  with  the  Gartner  bacillus,  either  directly,  or  indirectly 
through  their  food,  and  also  the  milk. 

It  may  also  be  the  case  that  certain  of  the  obscure  cases  of  food 
poisoning,  especially  those  which  have  been  induced  through  the 
consumption  of  infected  vegetable  foods,  may  have  their  ultimate 
explanation  in  the  contact  of  distemper  dogs  with  such  commodities. 

The  obvious  conclusion  from  these  findings  is  that  it  is  safer  to 
exclude  carefully  dogs  suffering  with  distemper  from  all  possible 
contact  with  food  and  live  stock,  and  it  should  be  borne  in  mind  that 
the  danger  from  these  animals  as  the  eliminators  of  the  B.  enteritidis 
increases  as  death  approaches. 


BACTERIOLOGICAL  EXAMINATION  OF  MARKET  MILK. 

Dr.  P.  G.  Heinemann,  Department  of  Bacteriology,  University  of  Chicago,  111. 

This  investigation  was  carried  on  with  the  object  of  determining 
whether  a  reliable  indicator  of  methods  of  producing  milk  could  be 
found.  The  samples  were  bought  in  the  open  market  in  original 
packages;  215  samples  were  examined.  Of  this  number,  108  samples 
were  raw  milk,  and  107  samples  pasteurized  milk.    The  samples  were 
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carried  to  the  laboratory  packed  in  ice  and  examined  immediately 
after  arrival.    The  following  determinations  were  made: 

1.  The  amount  of  dirt  was  ascertained  by  the  method  described  by 
Torrey.1    The  results  were  expressed  in  milligrams  per  liter. 

2.  Counts  of  colonies  per  cubic  centimeter  of  milk  were  made  and 
the  acid  colonies  counted  separately. 

3.  The  number  of  bacteria  of  the  B.  coli  group  in  10  cubic  centi- 
meters of  milk  was  determined  by  inoculating  1  cubic  centimeter  and 
0.1  cubic  centimeter  of  milk  each  in  five  fermentation  tubes  containing 
1  per  cent  dextrose  infusion  broth. 

4.  The  number  of  aerobic  spores  was  determined  by  inoculation  of 
1  and  0.1  cubic  centimeters  milk  each  in  five  tubes  of  litmus  milk,  and 
the  tubes  heated  to  85°  C.  for  15  minutes. 

5.  The  number  of  anaerobic  spores  was  determined  by  inoculation 
of  1  and  0.1  cubic  centimeters  of  milk  each  in  five  tubes  of  litmus 
milk.  The  tubes  of  litmus  milk  were  heated  to  the  boiling  point 
previous  to  inoculation  and  after  inoculation  heated  to  85°  C.  for  15 
minutes.  The  surface  of  the  milk  was  then  covered  with  a  layer  of 
mineral  oil,  previously  sterilized  by  boiling. 

A  summary  of  the  results  of  this  investigation  leads  to  the  assump- 
tion of  the  following  facts : 

1.  The  average  number  of  colonies  per  cubic  centimeter  in  108 
samples  of  raw  milk  was  4,801,300,  in  107  samples  pasteurized  milk, 
1,772,100. 

2.  The  percentage  of  acid  colonies  in  raw  milk  was  31,  and  in 
pasteurized  milk,  28. 

3.  The  average  number  of  bacteria  of  the  B.  coli  group  in  10  cubic 
centimeters  raw  milk  was  14;  in  10  cubic  centimeters  pasteurized 
milk,  19. 

4.  The  average  number  of  aerobic  spores  in  10  cubic  centimeters 
raw  milk  was  47 ;  in  10  cubic  centimeters  pasteurized  milk,  63. 

5.  The  average  number  of  anaerobic  spores  in  10  cubic  centimeters 
raw  milk  was  46;  in  10  cubic  centimeters  pasteurized  milk,  61. 

6.  The  average  number  if  milligrams  dirt  per  liter  of  raw  milk 
was  2.2 ;  of  pasteurized  milk,  1.4. 

I  conclude  from  these  results  that : 

1.  Commercially  pasteurized  milk  turns  sour  the  same  as  raw  milk, 
and  that  there  is  no  consistent  relation  between  acid  colonies  and 
the  total  number  of  colonies. 

2.  Pasteurized  milk  contained  less  dirt  than  raw  milk.  The  pro- 
portion was  as  11  for  raw  milk  to  7  of  pasteurized  milk.  The  method 
employed  shows,  however,  the  insoluble  dirt  only. 

3.  The  relation  of  the  number  of  bacteria  of  the  B.  coli  group  in 
raw  milk  to  the  number  in  pasteurized  milk  was  as  9.5  to  7.  This 
shows  that  either  some  of  the  milk  sold  as  pasteurized  was  not  effi- 
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ciently  pasteurized,  or  that  there  are  some  highly  resistent  forms  of 
B.  coli  which  survive  pasteurization. 

4.  The  relation  of  the  number  of  aerobic  spores  in  raw  milk  to  the 
number  in  pasteurized  milk  was  as  3  to  4. 

5.  The  relation  of  the  number  of  anaerobic  spores  in  raw  milk  to 
the  number  in  pasteurized  milk  was  as  3  to  4. 

6.  There  was  no  relation  between  the  number  of  bacteria  of  the 
B.  coli  group,  or  of  the  aerobic  spores  and  anaerobic  spores  to  the 
total  number  of  bacteria  or  to  the  acid  colonies. 

7.  The  temperature  of  milk  during  transportation  is  a  variable 
factor,  and  the  relation  of  groups  of  bacteria  in  milk  is  probably 
shifted  by  multiplication.  The  results  obtained  in  this  investigation 
can  therefore  have  no  bearing  on  the  relation  of  groups  of  bacteria 
in  freshly  drawn  milk. 

8.  Total  counts  seem  to  be  the  only  means  of  judging  methods  of 
production  and  transportation.  By  this  method  we  can  not  dis- 
tinguish definitely  between  methods  of  production  and  transporta- 
tion. However,  a  large  proportion  of  acid  colonies,  accompanied  by 
a  small  amount  of  dirt,  would  indicate  faulty  transportation,  and  a 
small  proportion  of  acid  colonies  and  a  large  amount  of  dirt  would 
indicate  faulty  production.  When  both  production  and  transporta- 
tion are  faulty,  one  may  expect  to  find  large  total  numbers,  a  large 
number  of  acid  colonies,  and  a  large  amount  of  dirt.  By  making 
these  three  tests  a  fairly  accurate  insight  into  the  quality  of  the  milk 
may  be  obtained. 

'Amer.  Jour,  of  Public  Health,  1912,  vol.  2,  p.  280. 
DISCUSSION. 

Dr.  W.  H.  Park  :  There  are  only  two  points  upon  which  I  can  not 
quite  agree  with  the  paper  of  Dr.  Henderson  Smith,  and  I  wish  to 
comment  upon  these.  He  has  concluded  that  the  dysentery  types 
other  than  Shiga  are  not  constant,  and  that  the  absorption  agglu- 
tination test  is  not  of  great  value  in  differentiating  the  different 
stains.  In  the  United  States  the  workers  have  found  that  the  maltose- 
fermenting  type  and  the  manite- fermenting  type  are  equally  stable 
and  distinct,  and  with  the  more  important  Shiga  type  are  the  excit- 
ing factor  in  the  great  majority  of  cases  of  dysentery.  The  small 
percentage  of  cases  remaining  seems  to  be  due  to  quite  a  number  of 
other  varieties.  In  Germany  also,  I  believe,  it  is  recognized  that  these 
groups  exist.  The  cultures  obtained  by  Hiss,  myself,  and  others  have 
in  cultural  and  agglutination  test  fallen  into  these  groups  and  con- 
tinued true  in  their  characteristics.  In  a  broad  sense  this  is  proba- 
bly true  throughout  the  world,  although  in  special  localities  bacilli 
of  different  characteristics  may  predominate.     I  believe  in  patho- 
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genie  varieties  of  bacteria  the  agglutination  characteristics  are  as 
important  as  fermentation  characteristics. 

Dr.  W.  Fornet,  Berlin,  gibt  Herrn  Smith  darin  Recht,  dass  ein 
grosser  Teil  der  bei  der  Differenzierung  von  Para  typhus-  und  para- 
typhusahnlichen  Bazillen  entstandenen  Schwierigkeiten  dadurch 
vermieden  worden  ware,  wenn  alle  Untersucher  nur  sichere  Para- 
typhusbazillen  als  Vergleichsobjekte  benutzt  hatten.  Dies  ist  nicht 
der  Fall.  Beschrankt  man  sich  darauf,  zunachst  nur  solche  Bazillen 
mit  entsprechenden  kulturellen  und  biologischen  Eigenschaften  als 
Paratyphusbazillen  zu  bezeichnen,  die  aus  dem  Blut  von  paratyphus- 
kranken  Menschen  geziichtet  waren.  Unter  Beobachtung  dieser 
Vorsichtsmassregel  ist  es  mir  immer  gelungen,  mittels  der  Absortions- 
methode  nach  Castellani  den  Paratyphus  B.  Bazillus  von  alien  ahn- 
iichen  mit  Sicherheit  zu  unterscheiden. 

Herr  Kollege  Smith  vom  Lister  Institut  hat  den  Vorschlag 
gemacht,  eine  Kommission  zu  ernennen,  die  eine  einheitliche  Unter- 
suchungsmethode  fur  die  Typhus-Coligruppe  ausarbeiten  soil. 
Dieser  Vorschlag  ist  unterstiitzt  worden  von  Herrn  President  Welch 
und  H.  Stabsarzt  Fornet  und  ich  selbst  habe  in  meinem  Referat  auf 
die  Notwendigkeit,  sich  erst  iiber  eine  einheitliche  Untersuchungs- 
methode  zu  einigen,  hingewiesen.  Es  ist  dies  der  erste  Schritt  den 
wir  thun  mussen,  um  Klarheit  in  die  verworrene  Frage  zu  bringen. 
Ich  mochte  mir  nun  erlauben,  gleich  einige  Vorschlage  fur  die  Zusam- 
mensetzung  dieser  Kommission  zu  machen,  die  natiirlich  ganz  unmass- 
geblich  sein  sollen. 

Iche  mochte  vorschlagen  in  erster  Linie  unsern  verehrten  Vorsit- 
zenden  Herrn  Prof.  Theobald  Smith,  Herrn  Direktor  Park  und  Herrn 
Kollegen  Winslow,  ferner  das  Lister  Institut  in  London,  H.  Kol- 
legen  Smith,  das  Institut  Pasteur  in  Paris,  das  Hygienische  Institut 
der  Universitat  Wien,  Prof.  Babes  aus  Bukarest,  das  Hygienische 
Institut  der  Universitat  Greifswald  (Loeffler),  das  Institut  fur  In- 
fektionskrankheiten  Robert  Koch  (Berlin)  und  das  Kaiserliche 
Gesundheitsamt  Berlin. 

Es  ist  nun  aber  immer  so  eine  Sache  mit  solchen  iiber  die  Erde 
zerstreuten  Kommissionen,  ihre  Tatigkeit  und  Wirksamkeit  ist 
erschwert,  ja  in  Frage  gestellt,  wenn  nicht  eine  Centrale  vorhanden 
ist,  welche  die  Initiative  ubernimmt  und  die  Verbindung  mit  den 
verschiedenen  Mitgliedern  aufrecht  erhalt,  Sie  hatte  im  vorliegen- 
den  Fall  vielleicht  auch  den  ersten  Entwurf  zu  einem  Plan  fiir  eine 
einseitliche  Untersuchungsmethode  der  Typhus-Coligruppe  aufzu- 
stellen  und  den  andern  Mitgliedern  zur  Ausserung  zuzusenden. 
Vielleicht  wiirden  die  amerikanischen  Kollegen  diese  Centrale  bilden. 

Dr.  E.  Libman,  Mount  Sinai  Hospital,  New  York:  In  much  of 
the  work  done  in  recent  years,  an  important  fact  has  been  lost  sight 
of — that  it  is  essential  to  use  optimum  media  for  determination  and 
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production,  a  point  emphasized  many  years  ago  by  Durham.  Most 
of  the  media  now  used  are  not  sufficiently  favorable,  especially  when 
one  is  dealing  with  organisms  that  grow  well.  In  an  extensive  re- 
search made  by  Drs.  Celler  and  Sophian  and  myself,  in  the  labora- 
tories of  the  Mount  Sinai  Hospital,  it  was  found  that  agar  plus 
carbohydrates  was  a  most  unfavorable  medium  for  detection  of  acid 
production.  And  still  that  medium  is  most  used.  The  next  best 
medium  is  bouillon  plus  the  carbohydrates.  Still  more  favorable  are 
agar  media  with  serum  and  carbohydrates  (we  used  ascitic  serum). 
But  the  best  media  are  made  up  from  bouillon  by  the  addition  of 
serum  and  the  various  carbohydrates.  I  believe  that  a  still  better 
medium  can  be  made  up. 

For  a  number  of  years  the  serum-water  media  have  been  much  em- 
ployed, both  here  and  abroad.  Hanna,  in  1908,  introduced  a  medium 
consisting  of  water  9  parts  and  ox  serum  1  part:  with  carbohydrates 
and  litmus.  Hiss,  a  few  years  later,  advised  the  use  of  a  similar 
medium,  but  containing  2  parts  of  water  and  1  of  serum. 

In  1905  Dr.  Buerger  advised  the  addition  of  1  per  cent  of  peptone 
to  the  last-mentioned  serum- water  medium.  This  medium  is  far 
superior  to  that  made  up  without  peptone,  but  is  not  quite  as  good  as 
the  media  made  up  of  bouillon  serum  and  carbohydrates. 

When  our  complete  studies  are  published  it  will  also  be  made  clear 
that  titre  is  important.  Growth  may  be  very  poor  in  a  medium  with- 
out serum  at  a  certain  titre,  and  much  better  with  serum  at  another 
titre.  If  optimum  media  will  be  more  used  by  investigators  than  they 
are  at  present,  it  is  very  probable  that  we  shall  find  less  variants  than 
are  now  believed  to  exist. 

C.  E.  A.  Winslow,  New  York :  I  have  listened  with  great  pleasure 
to  these  papers  and  particularly  to  the  admirable  treatment  of  the 
subject  of  variability  by  Dr.  Smith.  The  investigations  of  the  last 
few  years,  in  which  the  workers  at  the  Lister  Institute  have  played  a 
leading  part,  have  made  it  clear  that  bacteria  do  vary,  particularly 
when  exposed  to  certain  definite  environments.  If  these  variations 
are  considered  from  a  broad  biological  viewpoint,  however,  they  offer 
no  serious  obstacle  to  scientific  classification. 

In  the  first  place,  the  variations  which  occur,  so  far  as  carbohydrate 
fermentation  is  concerned^  are  of  a  definite  and  orderly  character. 
We  have  worked  this  out  in  the  case  of  the  streptococci  and  have 
found  that  the  sugars  stand  in  a  pretty  regular  order  of  availability. 
The  monosaccharide,  dextrose,  is  most  easily  attached.  Then  come 
the  disaccharides,  lactose,  and  saccharose  and  the  glucoside,  salicin. 
Raffinose  is  more  difficultly  utilizable  and  inulin  and  mannite  still 
more  so.  There  are  exceptions  to  every  rule  in  biology,  but  in  gen- 
eral we  find  that  streptococci  which  attack  inulin  and  mannite  can 
attack  all  the  simpler  carbohydrates,  those  which  ferment  raffinose 
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ferment  the  disaccharides,  and  those  which  ferment  the  disaccharides 
all  utilize  dextrose.  The  term  "  metabolic  gradient "  has  been  ap- 
plied to  this  relationship  and  the  differences  between  relationship  and 
the  differences  between  streptococci,  according  to  this  conception,  are 
not  haphazard,  but  consist  in  the  addition  or  subtraction  of  a  series 
of  enzymes,  each  of  which,  superposed  on  the  rest,  makes  available 
a  new  and  more  couple-  carbohydrate.  • 

In  the  colon  group,  it  is  interesting  to  note  that  the  metabolic 
gradient  is  quite  a  different  one.  It  is  the  size  of  the  molecule  which 
mainly  controls  assimilation  with  the  streptococci.  Those  that  at- 
tack lactose  almost  always  attack  saccharose  equally  well.  The  colon 
group,  on  the  other  hand,  all  break  up  lactose  but  only  half  of  them 
ferment  saccharose,  and  those  that  do  can  break  up  rafnnose  equally 
well.  Here  it  is  the  configuration  of  the  molecule  not  its  size  which 
determines  availability.  Aldehydic  sugars  are  assimilated  by  all, 
while  only  one  subgroup  can  ferment  ketonic  sugars.  To  those  that 
have  the  latter  power,  the  size  of  the  molecule  appears  to  be 
indifferent. 

The  practical  difficulty  we  have  to  meet  in  classification  is  that 
offered  by  minutely  integrading  forms.  Certain  workers  in  England 
and  in  this  country  have  come  to  the  conclusion  that  there  is  just 
one  way  out  of  the  dilemma  of  big  heterogeneous  groups  on  the  one 
hand  and  innumerable  varietal  names  or  numbers  on  the  other.  That 
is  the  use  of  the  statistical  or  biometric  method.  If  you  measure  quan- 
titatively the  important  characters  of  a  considerable  series  of  bacteria 
belonging  to  a  group  and  plot  them,  you  find  that  they  group  them- 
selves naturally  about  certain  modal  points  or  centers  of  variation. 
To  these  type  centers,  about  which  the  individual  strains  are  varying, 
we  can  conveniently  give  specific  names,  regarding  the  rarer  forms 
between  as  simply  variants  from  the  central  types.  By  such  a  study 
of  populations,  rather  than  individuals,  the  relations  of  the  puzzling 
group  of  the  cocci  have,  I  think,  been  made  clearer  than  they  were 
before,  and  more  recently  Dr.  Howe  and  Dr.  Morse,  both  of 
Boston,  have  applied  the  same  methods  to  the  colon  group  and  the 
diphtheria  group,  respectively,  with  marked  success.  I  may  say,  in 
passing,  that  so  far  as  the  colon  group  is  concerned,  Dr.  Howe  has 
in  the  main  brought  us  back  to  the  simple  division  into  saccharose 
fermenters  and  nonsaccharose  fermenters,  which  was  pointed  out  by 
our  chairman,  Dr.  Theobald  Smith,  so  many  years  ago. 

It  does  not  in  the  least  detract  from  the  value  of  a  statistical 
classification  to  say  that  under  changing  conditions  the  properties  of 
the  bacteria  may  change  as  well.  As  the  populations  of  bacteria 
exist  in  nature,  they  do  group  themselves  about  definite  type  centers, 
which  are  perhaps  habitat  species  molded  to  some  extent  by  the 
conditions  surround in#  them,  but  real  entities  nevertheless,  and  the 
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only  practical  units  which  we  have  for  the  identification  and  cla 
fication  of  bacterial  forms. 

Dr.  William  H.  Welch,  Baltimore,  Md. :  In  view  of  the  confu- 
sion relating  to  the  classification  and  differentiation  of  the  so-called 
paratyphoid  or  intermediate  group  and  of  the  great  inequalities  in 
the  methods  of  studying  this  group  I  would  suggest  the  desira- 
bility of  appointing,  with  the  approval  of  this  congress,  an  inter- 
national commission  to  consider  the  methods  of  investigation  of 
bacteria  of  the  Colon-typhoid  group  with  a  view  of  reaching  an 
agreement  at  least  as  to  the  more  essential  tests  which  should  be 
employed  in  the  study  and  description  of  members  of  the  group. 
Such  a  commission  could  perhaps  report  to  the  next  congress,  but  it 
would  be  desirable  to  publish  their  conclusions  as  soon  as  formu- 
lated. This  proposal  is  one  which  may  perhaps  be  considered  at  the 
end  of  this  meeting. 


LA  TUBERCULOSIS  EXPERIMENTAL  EN  LAS  GRANDES  ALTURAS. 

Nestor  Morales,  delegado  de  Bolivia  ante  el  XV.  Congreso  Internacional  de 
Higiene  y  Demograffa  en  Washington. 

He  creido  que  seria  de  importancia  para  vosotros  el  conocer  un 
aspecto  aun  no  estudiado  de  la  tuberculosis,  cual  es  el  que  se  refiere 
a  la  tuberculosis  experimental  en  las  grandes  alturas. 

El  hecho  es  tanto  mas  importante,  cuanto  que  mientras  en  Europa 
ya  a  los  4,000  metros  sobre  el  nivel  del  mar,  existen  las  nieves  eternas 
y  la  vida  humana  es  casi  imposible ;  en  mi  pais  existen  a  alturas  que 
varian  de  3,000  a  4,000  metros  poblaciones  florecientes,  que  tienen 
de  20,000  hasta  100,000  habitantes. 

HISTORIA. 

Sabemos  cuales  son  las  condiciones  que  facilitan  la  propagacion  y 
desarrollo  del  bacilo  de  Koch ;  entre  estas  tenemos  en  primer  termino 
el  aire  confinado,  la  miseria  y  un  elevado  grado  higrometrico ;  es  por 
esta  razon  que  en  las  grandes  capitales  del  Vie  jo  Mundo,  es  donde  la 
tuberculosis  hace  particular  destrozo,  mientras  que  las  pequeilas 
poblaciones  rurales  y  los  habitantes  del  campo,  son  mucho  menos 
atacados. 

Sentado  el  principio  que  antecede,  es  facil  comprender  que  en  las 
poblaciones  bolivianas,  donde  la  miseria  es  casi  desconocida  y  en  las 
cuales  la  aglomeracion  urbana  es  insignificante,  y  cuyo  aire  es  cons- 
tantemente  calentado  por  un  sol  que  no  cesa  de  brillar  en  todo  el  ano, 
la  tuberculosis  haya  sido  rara  y  quiza  no  haya  existido,  sino  en  epoca 
muy  posterior. 

Consultando  las  paginas  de  la  histpria  medica  de  mi  pais,  y  muy 
especialmente  del  Departamento  de  La  Paz,  he  obtenido  la  firme  con- 
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viccion  de  que  hasta  el  ano  1880  la  bacilosis  era  desconocida.  Poco 
tiempo  despues,  el  movimiento  comercial  y  las  inmensas  riquezas 
minerales  del  suelo  boliviano,  atrajeron  una  corriente  de  inmigracion, 
cuyos  primeros  representantes  fueron  los  trabaj  adores  peruanos  y 
chilenos  de  la  costa  del  Pacifico,  y  junto  con  ellos  vinieron  a  medi- 
cinarse  los  primeros  tuberculosos,  atraidos  por  la  belleza  del  clima  y 
la  accion  saludable  de  la  altura. 

La  Paz,  poblacion  que  cuenta  en  el  momento  actual  con  100,000 
habitantes,  poco  mas  6  menos,  esta  situada  a  los  16°  29'  30"  de  latitud 
y  a  los  70°  19'  40"  de  longitud.  siendo  su  altura  de  3,(565  metros.  Su 
clima  es  benigno,  siendo  las  temperaturas  medias  en  verano  y  en 
invierno  mui  soportables;  de  manera  que  los  calores  sofocantes  asi 
como  los  excesivos  frios,  son  absolutamente  desconcidos. 

Se  comprende  pues,  que  las  favorables  condiciones  del  clima 
fueran  debidamente  apreciadas  por  los  enfermos,  muchos  de  los  cuales 
curaron  en  condiciones  sum  anient  e  satisf  actorias,  y  los  cuales  al  volver 
a  su  patria,  ponderaron  las  inmejorables  condiciones  del  clima  de  La 
Paz,  lo  que  logicamente  atrajo  una  cantidad  considerable  de  enfermos. 

A  partir  de  los  afios  1886  y  1887,  se  empezaron  a  observar  los 
primeros  casos  de  tuberculosis  indigena,  y  lo  que  es  digno  de  llamar 
la  atencion,  con  un  caraeter  de  extraordinaria  gravedad,  como  si  el 
bacilo  de  Koch  hubiese,  al  encontrar  un  terreno  esencialmente  nuevo^ 
exaltado  su  virulencia,  hasta  el  punto  de  que  las  bacilosis  aqui  observa- 
das  han  tenido  siempre  una  marcha  subaguda  y  rapidamente  mortal. 

Otro  hecho  sobre  el  que  me  permito  llamar  la  atencon  de  este  ilustre 
Congreso,  es  que  la  tuberculosis  ha  manifestado  particular  predilec- 
cion  por  la  raza  indigena^  en  la  que  se  ha  presentado  con  mucha  mayor 
frecuencia  que  en  la  blanca  6  mestiza. 

La  extrana  marcha  de  la  enfermedad,  asi  como  la  circunstancia  de 
que  todos  6  la  mayor  parte  de  los  que  venian  de  la  costa  se  curaban  en 
breve  plazo,  hacia  importante  el  estudio  bacteriologico  experimental 
del  bacilo  de  Koch,  para  darse  cuenta  exacta  de  las  particularidades 
que  ofrecia  a  la  observacion.  Es  respondiendo  a  esta  necesidad,  que 
el  ano  proximo  pasado  empeze  un  estudio  minucioso  sobre  la  tubercu- 
losis experimental  en  las  grandes  alturas. 

INOCULACIONES  CON    CULTURAS   EXTRANGERAS. 

Con  el  proposito  de  dar  la  mayor  amplitud  posible  a  las  investiga- 
ciones,  me  diriji,  de  una  manera  oficial  a  los  siguientes  institutos, 
para  que  se  sirvieran  procurarme  culturas  puras  de  bacilo  tuberculoso : 

Tnstituto  de  Bacteriologia  del  Departamento  de  Agricultura  de 
Norte  America,  Instituto  Pasteur  de  Paris,  Instituto  Real  de  Viena, 
Instituto  de  Higiene  de  Santiago  de  Chile,  Instituto  de  Higiene  de  la 
Republica  Argentina. 
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Las  culturas  se  recibieron  sucesivamente  y  este  fue  el  resultado  de 
las  primeras  investigaciones : 

Culturas  norteamericanas. — Se  recibieron  en  fecha  10  de  enero 
del  ano  en  curso,  e  inmediatamente  se  procedio  a  hacer  una  inocula- 
cion  subcutanea  en  un  cobayo  de  300  gramos. 

Observadas  las  temperaturas  en  la  manana  y  en  la  tarde,  no  se  noto 
modificacion  apreciable,  a  excepcion  de  un  ligero  aumento  durante  la 
tarde  del  primer  dia. 

La  reaccion  local  se  redujo  a  una  pequena  induracion  en  el  punto 
inoculado,  y  al  infarto  ganglionar  de  los  ganglios  inguinales,  infarto 
que  en  la  segunda  semana  desaparecio  por  completo.  habiendo  desde 
entonces  el  cobayo  recobrado  la  salud.  El  peso  disminuyo  10  gramos 
durante  la  primera  quincena;  pero  luego  volvio  a  elevarse  hasta 
llegar  a  400  gramos,  sin  que  el  animal  volviera  a  presentar  sintoma 
de  ninguna  especie,  Seis  meses  despes,  el  animal  continuo  con- 
servando  un  apetito  excelente  y  una  salud  buena. 

Cobayo  No.  2. — Cultura  de  bacilo  tuberculoso  procedente  de  Viena5 
infectada  de  hongos.  Yiendo  el  resultado  negativo  de  las  primeras 
experiencias,  pense  que  probablemente  la  pequena  cantidad  de  bacilos 
inyectados  en  el  primer  caso  habria  sido  insuficiente  para  determinar 
el  proceso  patologico  de  experimentacion,  y  es  por  esta  razon  que,  en 
esta  segunda  experiencia,  se  tomo  una  considerable  cantidad  de  la 
cultura  habiendose  inyectado  en  el  peritoneo  2  centimetros  cubicos  de 
una  emulsion  concentrada  de  bacilo  de  Koch.  Las  experiencias  em- 
pezaron  el  14  de  marzo,  con  un  cobayo  cuyo  peso  era  de  415  gramos 
en  el  momento  de  la  operacion.  Dos  meses  despues,  como  el  animal 
no  diera  muestra  de  sufrir  en  lo  mas  minimo,  sino  que  el  peso  se  habia 
elevado  a  475,  se  resolvio  sacrificar  al  animal,  para  ver  si  existian  6 
no  en  su  organismo  focos  profundos  de  bacilosis  de  marcha  cronica. 

Verificada  la  autopsia,  no  se  econtro  un  solo  bacilo,  y  las  culturas 
que  se  hicieron  en  suero  glicerinado  quedaron  esteriles. 

Cobayo  No.  3. — Cultura  procedente  del  Instituto  Pasteur  de  Paris. 
Cobayo  de  420  gramos,  inoculado  en  fecha  28  de  febrero  con  2  centi- 
metros cubicos  de  emulsion  concentrada.     En  la  tarde,  elevacion  de 

4 

temperatura  a  39°,  siendo  la  temperatura  normal  de  los  cobayos  en 
esta  altura  38°  6'.  El  animal  esta  abatido,  ha  tornado  poco  alimento, 
lo  que  prueba  que  hay  una  accion  toxi-infecciosa  energica  sobre  su 
organismo.  Al  dia  siguiente,  la  temperatura  ha  vuelto  al  tipo  nor- 
mal, el  apetito  reaparece  sin  que  el  animal  de  prueba  de  sufrir  nada. 
Ocho  dias  despues,  examinando  los  ganglios  se  puede  notar  un  ligero 
infarto,  el  que  va  desapareciendo  rapidamente,  de  manera  que  seis 
meses  despues  el  animal  tiene  40  gramos  de  aumento  en  su  peso  y 
un  estado  de  sanidad  completa. 

Cobayo  No.  4- — Cultura  del  Instituto  de  Higiene  de  Chile.  Cobayo 
de  435  gramos  de  peso,  inoculacion  subcutanea,  el  19  de  abril,  con 
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2  centimetros  cubicos  de  emulsion  concentrada.  La  reaccion  es  nula. 
Pasados  veinte  dias,  se  present  a  un  pun  to  indurado  en  lugar  de  la 
inoculacion,  el  que  se  reblandece  y  da  lugar  a  la  produccion  de  un 
pequerio  absceso,  en  cuyo  pus  se  pueden  distinguir  muy  pocos  bacilos. 
Sembrado  el  pus,  tan  to  en  suero  glicerinado  cuanto  en  geleosa  glice- 
rinada,  no  determina  la  produccion  de  cultura.  El  animal  pierde  15 
gramos  de  su  peso ;  pero  a  los  ocho  dias,  cicatrizada  la  pequeiia  8  lu- 
ceracion,  el  peso  aumenta  llegando  a  478  gramos. 

Cuatro  meses  despues,  se  comprueba  un  estado  completo  de  sanidad 
en  el  cobayo. 

En  el  caso  anterior  es  indudable  que  se  trataba  de  un  proceso  local 
de  bacilosis,  que  no  ha  llegado  a  generalizarse,  debido  a  la  reaccion 
defensiva  del  organismo. 

Cobayo  No.  5. — Cultura  procedente  de  la  Kepiiblica  Argentina. 
Peso  de  460  gramos.  Inoculado  en  fecha  20  de  febrero  con  2  centi- 
metros cubicos  de  emulsion  concentrada.  Resultado  negativo.  No 
habiendose  presentado  reaccion  apreciable  en  ninguna  forma. 

Por  la  relacion  que  antecede,  se  ve  que  las  culturas  de  diferente 
procedencia,  inoculadas  sea  en  forma  subcutanea  6  intra-peritoneal, 
han  dado  un  resultado  constantemente  negativo.  Habiendose  limi- 
tado  las  manifestaciones  de  defensa  organica  a  fenomenos  de  po- 
quisima  importancia,  los  mismos  que  desaparecieron  en  corto  plazo. 

La  interpretacion  de  este  fenomeno  puede  ser  multiple,  y  para  la 
claridad  de  la  exposicion  le  dividiremos  en  tres  grupos: 

1°.  Las  culturas,  a  causa  de  un  largo  viaje,  habian  envejecido?  Es 
decir,  perdido  sus  primitivas  propiedades,  para  convertirse  en  ele- 
mentos  inertes. 

2°.  El  aumento  de  globulizacion  en  las  grandes  alturas,  hecho  com- 
probado  por  los  estudios  de  Vergara  Lope  y  de  Viault,  habian  de- 
terminado  una  mayor  potencia  de  reaccion  organica,  y  por  con- 
siguiente  los  elementos  defensivos  siendo  en  mayor  numero  habian 
provocado  una  destruccion  del  elemento  microbiano? 

3°.  Las  culturas  al  llegar  a  un  clima  distinto  del  que  habian  vivido 
habian,  en  contacto  de  un  medio  nosologico  estranor  habian  perdido 
sus  primitivas  propiedades? 

Estas  serian  las  tres  maneras  de  explicar  el  fenomeno  observado 
con  la  inoculacion  de  las  culturas  extrangeras. 

La  primera  explicacion  no  me  parece  plausible ;  pues,  las  resiembras 
dieron  nacimiento  a  nuevas  colonias,  aunque  en  numero  menor  y,  por 
otra  parte,  es  sabido  que  el  bacilo  tuberculoso,  aun  en  contacto  del 
aire  y  de  la  luz,  elementos  que  le  son  absolutamente  contrarios, 
guarda  su  virulencia  durante  un  tiempo  mucho  mayor  que  el  que 
tardaron  las  culturas  en  llegar  a  la  ciudad  de  La  Paz,  algunas  de  las 
cuales,  como  las  procedentes  de  la  Argentina  y  Chile,  solo  demoraron 
de  16  a  20  dias. 
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La  segunda  explicacion,  que  consiste  en  la  mayor  defensa  organica 
fagocitaria,  dependiente  de  la  hiperglobulizacion,  tampoco  me  parecc 
satisfactoria,  tanto  mas,  cuanto  que  el  papel  defensive  de  los  fago- 
citos  ha  perdido  una  parte  de  su  valor,  con  los  nuevos  estudios  del 
Profesor  Ehrlich. 

Nos  queda,  para  explicar  el  fenomeno  estudiado,  la  accion  del 
medio  nosologico,  la  que  a  mi  juicio  tiene  may  ores  probabilidades  de 
evidencia. 

Efectivamente,  sea  que  consideremos  a  las  bacterias  como  a  algas 
microscopicas  anaclorofilianas,  sea  que  en  ellas  veamos  organismos 
de  la  escala  zoologica  inferior,  el  hecho  es  que,  vegetales  6  colocados 
en  la  serie  animal,  es  indudable  que  sufren  como  todo  ser  organizado, 
la  accion  del  medio  ambiente,  que  en  ciertas  ocasiones  les  esteriliza 
por  completo  quitandoles  su  potencia  reproductora. 

No  necesito  mencionar  muchos  ejemplos  ante  esta  ilustre  asamblea, 
me  bastard  citar  la  falta  de  reproduccion  de  los  animales  africanos 
en  el  medio  europeo,  y  la  falta  completa  de  desarrollo  de  los  vegetales 
de  la  zona  tropical  americana,  en  los  climas  frios  del  norte  6  del  sur 
del  continente. 

Pero  aun  debo  dar  a  conocer  otras  experiencias,  que  a  mi  jucio  son 
absolutamente  convincentes,  una  vez  que  demuestran  con  certi- 
dumbre  completa  la  afirmacion  que  acabo  de  sentar. 

He  dicho  que  la  tuberculosis  importada  se  cura  en  este  clima  de 
altura;  he  dicho  tambien  que  la  tuberculosis  indigena  tiene  una 
marcha  esencialmente  grave.  Traduciendo  con  otras  palabras,  pode- 
mos  decir  que  el  bacilo  no  aclimatado  muere  y  que  el  bacilo  que  ha 
tornado  carta  de  ciudadania  es  eminentemente  temible  por  su  excep- 
cional  virulencia. 

Las  experiencias  siguientes  nos  parecen  particularmente  intere- 
santes : 

Cobayo  No.  IB  (peso,  600  gramos). — Inoculado  el  11  de  julio  de 
1911  con  esputo  tuberculoso,  procedente  de  un  individuo  de  la  costa  de 
Chile,  presentando  gran  cantidad  be  bacilos  al  examen  microscopico. 
Falta  completa  de  temperatura;  quince  dias  despues  ligera  tumef ac- 
cion en  el  punto  inoculado,  a  los  seis  dias  se  forma  un  pequeno  abs- 
ceso  que  se  abre  fuera,  dando  salida  a  un  pus  espeso,  en  el  que  se  des- 
cubren  bacilos  de  Koch.  El  peso  no  ha  disminuido,  el  animal  con- 
serva  un  apetito  satisf actorio ;  el  5  de  agosto  la  herida  ha  cicatrizado 
por  completo,  el  animal  aumenta  de  peso.  Conclusion:  tuberculosis 
localizada,  que  termina  por  la  curacion. 

Cobayo  No.  2B. — Inoculado  el  10  de  octubre  de  1911,  con  esputo 
tuberculoso  comprobado  por  el  examen  microscopico.  Peso,  540 
gramos  en  el  momento  de  la  operacion.  El  esputo  provenfa  de  una 
persona  de  la  costa  de  Chile,  que  habia  venido  a  medicinarse  a  la 
ciudad  de  La  Paz. 
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Los  dias  siguientes,  el  animal  solo  demuestra  un  ligero  aumento 
de  5  centigrados  en  su  temperatura  ordinaria,  hipertermia  que  des- 
aparece  al  octavo  dia.  No  hay  reaccion  local.  Tres  meses  despues 
el  animal  ha  aumentado  15  gramos  de  peso.  El  apetito  y  la  salud 
general  se  conservan  en  condiciones  satisfactorias. 

Cobayo  No.  SB. — Inoculado  en  12  de  octubre  de  1911.  Inoculacion 
intraperitoneal,  esputo  comprobado  tuberculoso  por  examen  miscros- 
copico,  enfermo  procedente  de  Chile.  El  22  del  mismo  mes,  eleva- 
cion  de  temperatura  a  39° ;  el  cobayo  esta  abatido  y  triste,  los  pelos 
levantados,  el  apetito  nulo.  Este  estado  se  cOnserva  durante  ocho 
dias,  al  cabo  de  los  cuales  el  animal  vuelve  a  recobrar  el  apetito,  el 
peso  que  habia  disminuido  en  50  gramos,  empieza  a  elevarse  nueva- 
mente.  Cuatro  meses  despues  el  animal  se  encuentra  completamente 
restablecido. 

Llamo  la  atencion  sobre  el  hecho  de  que  en  esta  serie  de  experien- 
cias,  que  no  quiero  continuar  detallandolas,  pues  siempre  en  todas 
las  inoculaciones  se  obtuvo  identico  resultado,  el  esputo  que  se  empleo 
siempre  procedia  de  personas  de  la  costa  de  Chile;  es  decir,  eran 
como  les  he  calificado  bacilos  extrangeros. 

Ahora  voy  a  tomar  de  los  muchos  estudios  que  se  hicieron,  algunos 
ejemplos  de  la  marcha  experimental  de  la  tuberculosis  contraida  en 
La  Paz. 

Cobayo  No.  1G. — Inoculado  con  esputo  tuberculoso  comprobado 
por  examen  microscopio,  procedente  de  un  individuo  joven  que 
habia  contraido  la  enfermedad  en  esta  ciudad.  Peso  en  el  momento 
de  la  inoculacion,  950  gramos.  Fecha  de  la  inoculacion,  Julio  16, 
1912;  horas,  10  a.  m. 

Durante  los  primeros  ocho  dias  el  animal  no  parece  sufrir,  pero 
desde  esta  fecha  la  temperatura  se  eleva,  sobretodo  en  la  tarde, 
llegando  a  39°  4'  a  39°  5r ;  el  apetito  disminuye  rapidamente,  se  pre- 
sentan  deposiciones  diarreicas.  El  animal  se  queja  y  cuando  se  le 
toca  la  region  abdominal,  se  comprueba  un  grado  de  sensibilidad 
excesiva. 

El  8  de  agosto  el  peso  ha  disminuido  a  750  gramos.  Muere 
el  18  del  mismo  mes,  presentando  el  abdomen  enormemente  aumentado 
de  volumen. 

En  la  autopsia  se  constata  en  el  peritoneo  un  derrame  sero-purulento 
muy  abundante  y  de  mal  olor ;  las  paredes  peritoneales  estan  cubier- 
tas,  en  toda  su  extension,  de  una  capa  de  peritonitis  exudativa.  Los 
intestinos  repletos  de  gases  se  hallan  banados  de  un  liquido  puru- 
lento;  en  la  gran  curbadura  del  estomago  se  encuentra  un  foco  de 
>upuracion  que  forma  un  verdadero  absceso. 

Examinados  los  diferentes  exudados,  se  ve  que  encierran  bacilo  de 
Koch  en  gran  abundancia. 
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Cohayo  No.  2G  (peso,  500  gramos). — Inoculado  con  esputo  prove- 
niente  de  un  indfgena  de  15  afios,  hecha  el  25  de  Julio  de  1012.  Hasta 
el  4  de  agosto  no  se  nota  ningnna  modification  apreciable,  pero  desde 
esta  fecha  la  temperatura  se  eleva  ligeramente  en  la  tarde  y  el  peso 
comienza  a  disminuir  de  manera  que  en  agosto  12  solo  da  410  gramos. 
Muere  el  18  de  este  mes.  A  la  autopsia  se  encuentran  en  el  peritoneo 
abundantes  granulaciones;  el  hfgado  aumentado  de  volumen  esta  tam- 
bien  sembrado  de  granulaciones,  que  le  dan  un  aspecto  grisaceo;  los 
pulmones  disminuidos  de  volumen,  casi  exangiies,  contienen  numero- 
sas  granulaciones  y  hasta  focos  de  degeneration. 

Las  dos  experiencias  anteriores,  tomadas  como  las  mas  importantes 
entre  varias  otras,  nos  dan  la  prueba  de  que  es  indudable  que  el  bacilo 
tuberculoso  indfgena  es  mucho  mas  virulento  que  el  importado ;  pues, 
si  se  compara  la  primera,  segunda  y  tercera  serie  de  experiencias,  se 
ve  que  la  primera  y  la  segunda,  en  las  que  se  ha  empleado  sea  cul- 
turas  puras  6  esputos  con  bacilo  extrangero,  en  todos  ellos  la  curacion 
se  ha  producido,  en  plazo  mas  6  menos  breve;  mientras  que  las  in- 
oculaciones  llevadas  a  cabo  con  esputos  conteniendo  bacilo  indfgena 
han  producido  la  muerte  en  espacio  de  tiempo  relativamente  corto. 

6  Como  explicar  este  fenomeno?  No  quiero  cansar  la  atencion  de 
esta  ilustre  asamblea,  con  la  exposition  de  largas  teorfas,  y  es  por  esta 
razon  que  me  voy  a  limitar  a  exponer  en  pocas  palabras,  cual  es  en  mi 
concepto  la  explication  del  hecho  observado. 

Como  ya  en  otro  punto  he  dicho,  yo  creo  que  tanto  las  culturas  como 
los  esputos  con  bacilo  extrangero  no  se  encuentran  aclimatados,  de 
suerte  que  su  action  es  casi  ineficiaz  y,  por  otra  parte,  como  pasa  con 
todo  organismo  que  no  se  encuentre  en  su  verdadero  medio,  la  repro- 
duction es  nula;  de  aquf  es  facil  deducir  que  debilitados  los  bacilos 
por  una  parte  y  no  reproduciendose  por  otra,  la  economfa  se  encuen- 
tra  en  condiciones  muy  favorables,  para  reparar  todos  los  danos 
causados  por  la  enfermedad. 

Cosa  muy  diferente  pasa  con  el  bacilo  que  ya  ha  tornado  carta  de 
ciudadanfa  en  estas  alturas;  en  este  caso  el  bacilo  esta  aclimatado,  y 
como  encuentra  un  terreno  nuevo,  es  facil  tambien  explicarse  la  razon 
de  su  particular  virulencia. 

La  Paz,  Agosto  de  1912. 

Temperaturas  medias,  mdximas  y  minimas,  190 If. 


Menses. 

Media  de 

maxima 

y  minima. 

Media  de 

las  maxi- 

mas. 

Media  de 
las  minimas 

Enero 

11.7 
12.7 
12.7 
11.5 

17.7 
20.2 
20.6 
18.7 

5.6 

Febrero 

5.4 

Marzo 

4.2 

Abril 

3.8 

En  junio  la  media  maxima  viene  a  ser  17.S;  media  minima,  0.^. 
En  julio  hemos  tenido  media  maxima  15.5;  media  minima,  :?.^. 
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MILZBRAND  XTND  SALVARSAET. 

Dr.  Georg  Becker,  Plauen  i.  Vogtland. 

Von  dem  friiher  allgemein  iiblichen  radikalen  chirurgischen  Vor- 
gehen  bei  der  Milzbrandpustel  des  Menschen  ist  man  in  letzten 
Jahren  fast  allseitig  zuruckgekommen.  Zwar  wird  von  einzelnen 
Forschern  noch  einem  energischen  aktiven  Eingreifen  das  Wort 
geredet,  so  empfiehlt  Barlach  (Neumiinster)  eine  kreisformige  Kau- 
therisation  um  die  Pustel  und  Jodeinspritzungen  in  der  Umgebung, 
Graf  (Frankenhausen)  friihzeitige  Aetzung  der  Pustel  mit  dem 
Kalistift,  doch  ist  die  Exzision  der  Pustel  weit  im  Gesunden,  even- 
tuell  mit  Ausraumung  der  regionaren  Lymphdriisen  wohl  nur  noch 
wenig  in  Anwendung.  Auch  im  Hamburg-Eppendorfer  Kranken- 
haus  ist  die  friiher  geiibte  aktive  Therapie  seit  1896  verlassen  worden 
zu  gunsten  eines  streng  konservativen  Verhaltens  mit  Enthaltung 
von  jeglichem  Eingriff.  Das  seitdem  bis  zum  November  1911  so 
behandelte  Material  von  60  Fallen  ist  von  mir  in  den  Mitteilungen 
aus  dem  Hamburgischen  Staatskrankenanstalten,  Bd.  XIII,  Heft  2, 
ausftihrlich  veroffentlicht. 

Bei  der  Bewertung  der  Therapie  hat  sich  die  bakteriologische 
Untersuchung  des  Blutes  sehr  bewahrt. 

Die  Anwesenheit  der  Milzbrandbazillen  im-  Blut  ist  leicht  nach- 
zuweisen,  wenn  man  das  mit  einer  Luerschen  Spritze  aus  der  Arm- 
vene  entnommene  Blut  direkt  in  verflussigten  und  auf  40-45°  abge- 
kiihlten  Agar  verimpft;  auf  den  dann  in  Petrischalen  ausgegossenen 
Nahhrboden  entwickeln  sich  nach  12-24  stiindigem  Aufenthalt  im 
Brutschrank  die  charakteristischen  Kolonien. 

Die  in  45  Fallen  vorgenommene  bakteriologische  Untersuchung 
des  Blutes  ergab  in  12  Fallen  ein  positives  Resultat.  Es  zeigte  sich, 
dass  in  alien  zum  Tode  gekommenen  Fallen  die  Bazillen  sich  wahrend 
des  Lebens  im  Blut  nachweisen  liessen.  Der  friiheste  Zeitpunkt,  in 
dem  uns  bei  den  totlich  endenden  Fallen  der  Nachweis  der  Bazillen  im 
lebenden  Blut  gelang,  war  3  mal  24  Stunden  vor  dem  Tode.  In 
diesem  friihen  Zeitpunkte  wurden  in  einem  Fall  5  Kolonien  auf  4 
Platten  zu  2  ccm,  in  einem  anderen  20  Kolonien  auf  6  Platten  zu 
2  ccm  Blut  gezuchtet.  Bei  der  erst  kiirzere  Zeit  vor  dem  Tode 
angelegten  Blutkultur  war  die  Zahl  der  Bazillen  wesentlich  grosser, 
wenige  Stunden  vor  dem  Tode  waren  die  Platten  mit  Kolonien  uber- 
sat.  Im  Leichenblut  liess  sich  regelmassig  der  Milzbrandbazillus 
durch  die  Kultur  nachweisen. 

Wenn  wir  vorerst  die  Falle  unberiicksichtigt  lassen,  die  mit  einer 
Milzbrandbakteriiimie  in  unsere  Behandlung  kamen,  deren  positiver 
Blutbefund  also  schon  von  vornherein  eine  schlechte  Prognose  gab, 
so  erzielte  die  konservative  Behandlung  sehr  gute  Resultate.     Unter 
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34  Fallen,  deren  Blutkultur  bei  der  Aufnahme  steril  war,  hatten  wir 
nur  einen  Todesfall  zu  beklagen.  Bei  diesem,  einem  28jahrigen 
Gerber,  sass  die  Milzbrandpustel  an  der  linken  Halsseite ;  es  bestand 
ein  sehr  ausgebreitetes  Oedem,  doch  war  das  Allgemeinbefinden  kaum 
gestort,  die  Temperatur  normal.  Zwei  Tage  spater  erfolgte,  wie  die 
Blutkultur  ergab,  der  Einbruch  der  Bazillen  in  die  Blutbahn  unter 
Fieber  bis  zu  40.8  und  168  Pulsen.  Zwei  weitere  Tage  danach  erlag 
der  Patient  seiner  Milzbrandsepsis.  In  diesem  Falle,  in  dem  die  not- 
wendige  Ruhigstellung  des  Krankheitsherdes  durch  einen  Verband 
wegen  der  Lokalisation  am  Hals  nicht  gut  zu  erreichen  war  und  eine 
Ruhighaltung  von  dem  Patienten  wegen  des  fehlenden  Krankheits- 
gefuhls  nicht  beobachtet  wurde,  versagte  die  konservative  Therapie, 
In  alien  ubrigen  Fallen,  unter  denen,  wie  aus  der  ausfuhrlichen 
Veroffentlichung  des  Naheren  zu  ersehen  ist,  sehr  schwere  Erkran- 
kungen  mit  weit  ausgedehntem  Oedem  und  schwer  mitgenommenem 
Allgemeinbefinden  waren,  heilten  die  Kranken  unter  absoluter  Ruhe 
und  Analeptika,  besonders  Alkoholdarreichung. 

Ganz  anders  gestaltete  sich  die  Prognose  der  Kranken,  in  deren 
Blut  sich  die  Bazillen  bei  der  Aufnahme  nachweisen  liessen.  Wir 
mussten  die  Prognose  bei  ihnen  nach  unseren  Erfahrungen  absolut 
infaust  stellen  und  erst  in  jungster  Zeit  haben  sich  uns  auch  fur  diese 
Falle  noch  Heilungsmoglichkeiten  ergeben  in  dem  Salvarsan. 

let  habe  zuerst  das  Salvarsan  am  20.  V.  1911  bei  einem  55  jahrigen 
Manne  angewandt,  bei  dem  aus  8  ccm.  Blut  55  Kolonien  geziichtet 
wurden  und  der  einen  so  schweren  allgemein  septischen  Eindruck 
machte,  dass  er  von  alien  Beobachtern  fur  verloren  angesehen  wurde. 
Das  Blut  war  an  dem  Tage  nach  der  intravenosen  Infusion  von  0.6 
Salvarsan  steril:  die  Temperatur  fiel  2  Tage  danach  zur  Norm  ab  und 
der  Kranke  genas. 

Dieser  Fall  schwerer  Milzbrandbakteriamie  ist  bis  jetzt  der  einzige 
durch  Salvarsan  geheilte  geblieben.  Wir  hatten  inzwischen  nur  noch 
bei  zwei  Fallen  Gelegenheit,  diese  Therapie  auzuwenden:  in  dem 
einen  Falle  war  die  in  dem  Blut  vorhandene  Bazillenmenge  etwa  7 
mal  so  gross  wie  in  dem  geheilten  Falle,  also  etwa  50  Kolonien  in  1 
ccm.,  in  dem  anderen  war  das  Blut  schon  uberschwemmt  mit  Bazillen 
und  die  Infusion  wurde  an  dem  moribunden  Patienten  gemacht,  in 
beiden  Fallen  ohne  Erfolg.  Trotzdem  halte  ich  mich  fur  berechtigt, 
diese  eine  Heilung  einer  schweren  Milzbrandbakteriamie  hier  mitzu- 
teilen,  weil  es  durch  das  Tierexperiment  gelungen  ist,  die  Wirksam- 
keit  des  Salvarsans  bei  der  Milzbrandinfektion  darzutun. 

Angeregt  durch  diesen  Fall  hat  Herr  Dr.  Schuster  in  dem  Stadt- 
krankenhaus  Plauen  i.  V.  Versuche  an  Kaninchen  angestellt,  die  er 
mit  einer  24stiindigen  auf  Agarschragrohrchen  gewachsenen  Rein- 
kultur  eines  hochvirulenten  Milzbrandstammes  infizierte.  Es  zeigte 
sich,  dass  ein  Kaninchen  durch  eine  gleichzeitig  mit  der  subkutanen 
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Milzbrandinfektion  vorgenommenen  intravenosen  Salvarsaninfusion 
von  0.04  g.  Kilo  Tier  gerettet  wurde.  Auch  ein  Tier,  bei  dem  die 
Salvarsaninfusion  12  Stunden  nach  der  subkutanen  Milzbrandinfek- 
tion vorgenommen  wurde,  blieb  am  Leben  und  dauernd  gesund. 
Auch  bei  einem  intravenos  mit  Milzbrand  infizierten  Tier  gelang  es, 
durch  eine  fast  gleichzeitig  (etwa  3  Minuten  spater)  am  anderen  Ohr 
gemachten  intravenosen  Salvarsaninfusion  das  Tier  zu  retten,  da- 
gegen  starben  die  erst  nach  12,4  oder  1  Stunde  mit  Salvansan 
behandelten  Tiere,  nachdem  ihnen  die  Milzbrandkultur  in  die  Vene 
eingespritzt  worden  war.  Bei  einer  Wiederholung  dieser  Versuche 
mit  der  halben  Salvarsanmenge,  also  0.02  g  pro  Kilo  Tier  starben  alle 
Tiere  an  Milzbrandsepsis.  Das  Ergebnis  dieser  Versuche,  die  mit 
sicherem  Ausschluss  von  Versuchsfehlern  und  bei  Aufstellung  aller 
Kontrollen  angestellt  wurden,  ist  also,  dass  Salvarsan  in  einer  Menge 
von  0.04  g  pro  Kilo  Tier  imstande  ist,  Kaninchen  mit  sonst  sicher 
totlicher  Milzbrandinfektion  zu  retten. 

Unabhangig  hiervon  wurden  zu  derselben  Zeit  von  Laubenheimer 
Tierversuche  in  gleichem  Sinne  angestellt.  Er  verwendete  Meer- 
schweinchen  als  Versuchstiere,  die  er  subkutan  infizierte  und  zwar  mit 
0.1  g.  Salvarsan  pro  Kilo  Tier,  also  mit  wesentlich  hoherer  Dosis  wie 
Schuster.  Die  Resultate  waren  sehr  ahnlich  denen  von  Schuster :  von 
den  Tieren,  die  bis  20  Minuten  nach  der  Infektion  mit  Salvarsan 
behandeit  worden  waren,  starb  nur  eines  an  Milzbrand  und  auch 
dieses  erst  22  Tage  spater  als  das  Kontrolltier.  Aber  auch  noch  6 
Stunden  nach  der  Infektion  konnten  bei  einem  Teil  der  Tiere  durch 
die  Salvarsaninjektion  die  in  den  Korper  eingefuhrten  Milzbrand- 
keime  vollstandig  abgetotet  werden.  Wenn  die  Salvarsanbehand- 
lung  noch  spater,  16-22  Stunden  nach  der  Infektion  einsetzte,  so  war 
der  totliche  Ausgang  nicht  mehr  zu  verhindern. 

Der  Ausfall  dieser  Tierexperimente  macht  es  wahrscheinlich,  dass 
der  giinstige  Augang  in  meinem  Fall  schwerer  Milzbrandbakteria- 
mie  dem  Salvarsan  zu  danken  ist.  Es  ist  ausserordentlich  schwer, 
iiber  die  Wirkung  des  Salvansans  auf  den  menschlichen  Milzbrand  ein 
sicheres  Urteil  zu  gewinnen.  Denn  beweisend  fur  die  Salvarsanwir- 
kung  sind  nur  die  Falle,  in  deren  Blut  die  Bazillen  nachgewiesen 
wurden,  die  anderen  heilen,  wie  wir  gesehen  haben,  auch  bei  Ruhig- 
stellung.  Die  Dauer  der  Anwesenheit  der  Bazillen  im  Blut  ist  aber 
nur  kurz,  nach  unseren  Erfahrunge  etwa  drei  Tage  vor  dem  Tode. 
Von  dieser  Zeit  kann  fur  eine  Heilwirkung  des  Salvarsans  nur  der 
Teil  in  Betracht  kommen,  in  dem  noch  keine  schrankenlose  Vermeh- 
rung  der  Bazillen  im  Blut  stattgefunden  hat,  indem  also  die  in  einem 
ccm.  Blut  gefundene  BaziJlenmenge  gering  ist.  Ist  dagegen  die  mit 
1  ccm.  Blut  beschickte  Kulturplatte  mit  Bazillen  iibersiit,  dann 
ist  das  Salvarsan  unwirksam.  Der  Zeitraum  im  Verlauf  einer  Milz- 
brand^rkrankung,  in  dem  die  Salvarsananwendung  einwandfrei  als 
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Heilwirkung  sich  darstellt,  ist  also  sehr  kurz,  es  ist  das  Anfangs- 
stadium  der  Bakteriamie.  Um  nicht  missverstanden  zu  werden, 
mochte  ich  in  aller  Deutlichkeit  aussprechen,  dass  ich  bei  dem  Milz- 
brand,  der  immer  die  Gefahr  einer  Allgemeininfektion  in  sich 
schliesst  und  bei  dem  trotz  fehlenden  schweren  Krankheitsgefiihls 
schon  eine  Bakteriamie  bestehen  kann,  unbedingt  die  sofortige 
Anwendung  des  Salvarsans  empfehle,  sobald  der  Kranke  sich  in 
unsere  Behandlung  begibt.  Ein  Beweis  fiir  die  Heilwirkung  des 
Salvarsans  ist  durch  diese  Falle  aber  nicht  erbracht,  auch  wenn  wie 
es  in  beiden  von  Professor  Bettmann  (Heidelberg)  mitgeteilten  Fallen 
war,  eine  wesentliche  Besserung  nach  der  Injektion  eintritt.  Das 
subjektive  Gefiihl  des  Beobachters  und  sein  allgemeiner  Eindruck 
sind  zu  unsichere  Kriterien  bei  der  Entscheidung  dieser  Frage.  Es 
ware  bedauerlich,  wenn  bei  den  Nachprufugen  uber  Salvarsanwirkung 
beim  Milzbrand  die  Blutkultur  nicht  beriicksichtigt  wiirde,  wie  es 
in  England  1905  geschah,  als  auf  die  Anregung  Legges  hin  das 
Milzbrandserum  vielfach  Anwendung  fand  und  jeder,  der  2  oder  3 
Falle  behandelt  hatte,  uber  seine  Erfolge  berichtete,  ohne  eine  bak- 
terioiogische  Kontrolle  des  Blutes  vorgenommen  zu  haben.  Es 
6ollte,  wo  es  moglich  ist,  zugleich  mit  der  Salvarsaninfusion  eine 
Blutentnahme  zur  bakteriologischen  Untersuchung  gemacht  werden, 
nur  so  ist  es  moglich,  mit  Sicherheit  festzustellen,  ob  dem  Salvarsan 
wirklich  eine  Heilwirkung  bei  dem  Milzbrande  des  Menschen 
zukommt. 


Report  of  a  Joint  Session  of  Sections  I  and  V  on  Poliomyelitis,  will 
be  found  in  Volume  /,  Part  II. 

Professor  William  H.  Welch  moved  that  an  international  com- 
mission be  created,  with  Dr.  A.  Weber,  of  Berlin,  as  chairman,  to 
standardize  procedures  for  the  study  and  differentiation  of  the 
typhoid-colon  group,  and  to  report  at  the  next  International  Con- 
gress of  Hygiene  and  Demography,  and  that  this  recommendation 
be  transmitted  to  the  Permanent  International  Commission  for  its 
approval.  This  motion  was  carried  and  was  referred  to  the  Per- 
manent International  Commission. 
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the  belation  of  parasitic  amebae  to  disease. 

By  Chakles  F.   Craig,  M.  D.,  Captain,   Medical  Corps.  United  States  Army, 

Washington,  D.  C. 

INTRODUCTION. 

Within  the  past  seven  years  it  has  been  definitely  proven  that  the 
parasitic  amebae  of  man,  or  entamebae,  are  divided  into  several  dis- 
tinct species,  one  of  which  is  a  harmless  commensal ;  that  all  cultural 
amebae  which  have  been  thoroughly  studied  are  free-living  species 
having  nothing  in  common  with  the  parasitic  species;  and  that  the 
latter  have  not  been  cultivated. 

These  new  developments  in  our  knowledge  of  amebae  necessitate  a 
revision  of  some  of  our  data  connecting  these  organisms  with  disease 
in  man,  for  all  of  the  evidence  gained  by  experiments  on  animals  or 
man  with  cultural  amebae  must  be  discarded,  as  such  evidence  is  of 
no  value  as  showing  the  relation  of  parasitic  amebae  to  disease  in  the 
human  subject.  In  addition  the  results  obtained  experimentally  in 
animals  by  feeding  or  injecting  material  containing  entamebae  must 
be  revised  in  the  light  of  the  proven  existence  of  a  harmless  and  at 
least  two  pathogenic  species. 

classification  or  amoebae. 

In  considering  the  relation  of  entamebae  to  disease  in  man  it  is 
necessary  to  have  a  clear  understanding  of  the  classification  of  amebae 
in  general.  Loesch  placed  the  ameba  he  found  in  man  in  the  genus 
Amoeba,  calling  it  Amoeba  coli;  in  1879,  or  four  years  after  the  dis- 
covery of  Amoeba  coli,  Leidy  established  the  genus  Endamoeba  for 
the  parasitic  ameba  of  the  cockroach,  described  by  Butschli  under  the 
name  Amoeba  blattae;  in  1897  Casagrandi  and  Barbagallo,  after  a 
thorough  study  of  the  amebae  occurring  in  the  intestine  of  man, 
became  convinced  that  they  differed  both  in  morphology  and  life- 
cycle  from  those  occurring  free  in  nature  and,  apparently  unaware  of 
Leidy's  genus  Endamoeba,  established  for  the  human  parasites  the 
genus  Entamoeba.  While  eventually  it  may  be  determined  that  the 
spelling  of  Leidy  must  be  retained,  I  prefer  at  the  present  time  to 
accept  the  name  Entamoeba  for  the  parasitic  amebae,  as  this  term  has 
been  accepted  and  is  used  by  almost  every  writer  upon  the  subject. 

After  the  researches  of  Casagrandi  and  Barbagallo  numerous 
attempts  were  made  to  separate  the  entamebae  into  distinct  species, 
but  it  was  not  until  1903  that  a  clear  description  was  given  of  at 
least  two  species  of  entameba  occurring  in  man.  During  that  year 
Schaudinn  published  his  work  upon  parasitic  amebae  and  differenti- 
ated two  species — one  a  harmless  parasite  which  he  named  Entamoeba 
coli;  the  other  the  cause  of  a  form  of  dysentery,  which  he  named 
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Entamoeba  histolytica.  I  was  able  to  confirm  Schaud inn's  work  in 
1905,  and  it  has  since  been  confirmed  by  many  protozoologists  in  vari- 
ous parts  of  the  world.  Recently  Prowazek  found  this  species  in 
dysentery  cases  in  Samoa,  and  states  that  at  no  time  in  its  cycle  of 
development  were  cysts  observed  at  all  resembling  those  found  in 
other  parasitic  species,  but  only  the  spore-like  bodies  described  by 
Schaudinn. 

A  third  species  of  entameba  was  described  by  Viereck  in  1906. 
This  parasite,  which  he  named  Entamoeba  tetragena,  occurred  in 
cases  of  dysentery  contracted  in  Africa,  and  his  researches,  as  well 
as  those  of  others,  proved  it  to  be  a  pathogenic  species,  and  that  it 
has  a  wide  geographical  distribution  in  the  Tropics  and  subtropics,  as 
well  as  in  temperate  climates.  I  have  found  this  species  in  cases  of 
dysentery  contracted  in  the  Philippines,  Panama,  and  in  New  York, 
Illinois,  Arkansas,  and  Wisconsin.  At  the  present  time  some  authori- 
ties believe  that  this  species  is  identical  with  Entamoeba  histolytica, 
but  the  point  is  far  from  proven,  and  until  it  can  be  shown  that  the 
process  of  reproduction  by  gemmation  and  spore  formation,  described 
by  Schaudinn  as  characteristic  of  Entamoeba  histolytica  and  con- 
firmed by  myself  in  many  cases  of  dysentery,  occurs  also  in  Enta- 
moeba tetragena,  and  that  cases  of  tetragena  infection  occur  which 
never  present  the  characteristic  four-nucleated  cyst  at  any  stage  of 
the  disease  process,  I  am  forced  to  consider  the  two  species  as  dis- 
tinct, despite  the  fact  that  the  nuclear  structure  of  Entamoeba  tetra- 
gena during  certain  stages  of  development  resembles  very  closely 
that  of  Entamoeba  histolytica. 

In  addition  to  the  three  species  mentioned^  several  others  have 
been  described  in  man,  as  Entamoeba  tropicalis,  Lesage;  Entamoeba 
minuta,  Elmassian ;  Entamoeba  nipponica,  Koidzumi ;  Entamoeba 
williamsi,  Prowazek;  Entamoeba  hartmanni,  Prowazek;  and  Enta- 
moeba polecki,  Prowazek.  It  is  generally  believed  that  most,  if  not 
all,  of  these  species  are  founded  upon  insufficient  data  and  that 
eventually  they  will  be  found  to  be  identical  with  one  or  the  other 
of  the  three  species  already  mentioned. 

It  may  therefore  be  stated  that  at  the  present  time  most  authorities 
recognize  three  distinct  species  of  entamoeba  as  parasitic  in  man,  i.  e., 
Etamoeba  coli,  Entamoeba  histolytica,  and  Entamoeba  tetragena. 
These  species  have  been  carefully  studied  by  numerous  investigators 
in  many  parts  of  the  world  and  are  based  upon  marked  differences  in 
morphology  and  in  the  reproductive  cycle.  The  nuclear  structure  of 
each  species  is  distinctive,  while  Entamoeba  coli  forms  cysts  contain- 
ing eight  daughter  nuclei,  this  number  being  sometimes  exceeded, 
Entamoeba  tetragena  cysts  containing  four  daughter  nuclei  and 
Entamoeba  histolytica  cystlike  bodies  which  are  budded  from  the 
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parent  organism.  In  all  these  species  the  differences  in  the  method 
of  reproduction  have  been  carefully  studied  and,  in  my  opinion,  con- 
stitute the  most  important  basis  of  specific  differentiation. 

The  classification  of  the  amebae  that  have  been  cultivated  from 
the  feces  of  dysenteric  patients  and  from  the  pus  of  liver  abscesses 
is  in  a  most  unsatisfactory  condition.  Several  species  and  subspecies 
have  been  described  by  Whitmore,  Walker,  Williams,  Werner,  and 
others,  but  no  agreement  has  been  reached  as  to  their  exact  specific 
status.  For  long  regarded  by  Musgrave  and  Clegg,  Walker,  Lesage, 
and  Noc  as  true  parasitic  species,  identical  with  the  species  of  enta- 
meba  which  have  already  been  mentioned,  these  cultivated  amebae 
have  been  shown  to  be  free-living  species  of  the  Umax  type  by  the 
more  recent  work  of  Hartmann:  Werner,  Whitmore,  Walker,  Liston 
and  Martin,  Wells,  and  the  writer.  All  the  cultural  species  that  have 
been  thoroughly  studied  contain  a  contractile  vacuole,  an  organelle 
which  is  not  present  in  any  of  the  parasitic  species  of  man,  and  they 
also  differ  greatly  in  their  reproductive  cycle.  This  subject  will  be 
referred  to  later  in  the  discussion  of  the  relation  of  these  cultural 
species  to  disease. 

RELATION   OF   ENTAMOEBAE   TO   DISEASE. 

The  following  theories  have  been  held  regarding  the  relation  of 
entamebae  to  disease  in  man:  1,  that  they  are  all  harmless  com- 
mensals ;  2,  that  they  are  secondary  factors  in  the  etiology  of  disease ; 

3,  that  all  species  of  amebae  are  capable  of  causing  dysentery;  and 

4,  that  both  pathogenic  and  nonpathogenic  species  are  parasitic 
in  man. 

Recent  researches  have  shown  that  the  latter  theory,  i.  e.,  that 
pathogenic  and  nonpathogenic  species  of  entamebae  are  parasitic  in 
man  is  correct.  It  is  still  impossible  to  say  whether  some  other 
factor  is  necessary  before  the  pathogenic  species  can  cause  disease 
but  the  evidence  all  points  to  the  contrary  opinion.  At  the  present 
time  it  is  generally  accepted  that  certain  species  of  entamebae  are 
capable  of  producing  dysentery,  but  a  few  authorities  still  maintain 
that  these  parasites  are  only  secondary  invaders  of  the  tissues  and 
are  not  responsible  for  the  lesions  present.  In  support  of  this  conten- 
tion they  point  to  the  fact  that  entamebae  are  found  in  many  healthy  in- 
dividuals and  in  patients  suffering  from  diseases  other  than  dysentery ; 
that  dysentery  occurs  in  epidemic  and  endemic  form  in  regions  where 
entamebae  can  not  be  demonstrated ;  that  many  different  agents  when 
injected  into  the  intestine  are  capable  of  producing  lesions  like  those 
of  amebic  dysentery ;  that  direct  infection  of  either  animals  or  man 
with  entamebae  has  never  been  proven;  that  the  deductions  based 
upon  animal  experiments  are  unsatisfactory;  and  that  until  we  are 
able  to  cultivate  the  entamebae  and  to  produce  dysentery  with  pure 


Craig.]  RELATION    OF   PARASITIC   AMEBAE    TO*  DISEASE.  153 

cultures  we  are  not  justified  in  claiming  that  they  are  the  cause  of 
the  disease. 

These  objections,  with  the  exception  of  the  last  mentioned,  can  all 
be  answered  by  the  results  of  work  accomplished  during  the  past 
few  years.  We  know  that  the  presence  of  entamebae  in  health  and 
in  disease  other  than  dysentery  is  explained  by  the  occurrence  of  a 
distinct  species  which  is  nonpathogenic  and  which  is  a  parasite  of 
man;  that  the  occurrence  of  endemic  and  epidemic  dysentery  in 
regions  where  entamebae  have  not  been  demonstrated  is  due  to  the 
group  of  dysentery  bacilli;  that  the  lesions  produced  by  the  injection 
of  either  chemical  or  bacterial  substances  into  the  intestine  are  not 
identical  with  those  produced  by  the  entamebae;  that  direct  infec- 
tion of  animals  with  entamebae  has  been  abundantly  proven,  and  that 
such  experiments  are  reliable  when  properly  controlled.  As  regards 
the  last  objection,  i.  e.,  that  until  pure  cultures  are  obtained  the  causa- 
tive relation  of  entamebae  to  disease  can  not  be  maintained,  it  may  be 
stated  that  this  is  not  a  fair  or  valid  objection,  as  there  are  other 
parasites  well  known  to  be  the  cause  of  specific  infections  which 
have  not  as  yet  been  cultivated. 

In  support  of  the  etiological  relation  of  certain  species  of  entame- 
bae to  dysentery  we  have  the  following  facts:  1.  The  absolutely  char- 
acteristic pathology  of  amebic  dysentery  and  the  constant  presence  of 
the  pathogenic  species  of  entamebae  in  the  lesions  and  their  absence 
from  the  lesions  of  other  forms  of  dysentery ;  2,  the  constant  presence 
of  pathogenic  entamebae  in  the  tissues  of  the  peculiar  form  of  liver 
abscess  which  ofter  complicates  amebic  dysentery;  3,  the  production 
of  typical  amebic  dysentery  in  susceptible  animals  by  feeding  and 
inoculation  experiments  with  material  containing  the  pathogenic 
entamebae  and  the  demonstration  of  the  parasites  in  the  lesions  so 

produced. 

It  is  not  necessary  at  this  time  to  discuss  in  detail  the  pathology  of 
amebic  infection.  It  is  a  self-evident  fact  to  all  who  have  had  ex- 
perience with  amebic  dysentery  at  the  autopsy  table  that  the  lesions 
of  this  disease  are  absolutely  characteristic  and  are  entirely  distinct 
from  those  of  the  bacillary  forms  of  the  disease.  I  have  had  the  op- 
portunity of  studying  hundreds  of  cases  of  both  amebic  and  bacil- 
lary dysentery  at  autopsy,  and  can  state  that  one  may  easily  dis- 
tinguish the  lesions  produced  by  the  entamebae  from  those  due  to 
other  causes. 

If  sections  are  made  through  the  lesions  in  the  intestine,  entamebae 
may  be  demonstrated  in  every  portion  of  the  involved  region.  They 
are  frequently  numerous  in  the  mucous,  submucous,  and  muscular 
coats  of  the  intestine,  where  they  may  be  demonstrated  in  the 
glandular  tissue,  in  the  intermuscular  septa,  and  in  the  lymphatics 
and  blood  vessels.     Of  course,  in  the  intestine,  it  can  not  be  denied 
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that  a  portion  of  the  pathological  picture  may  be  due  to  bacteria 
which  have  gained  entrance  to  the  tissues  along  with  the  entamebae, 
but  the  fact  remains  that  the  latter  organisms  are  always  associated 
with  a  characteristic  ulcerative  lesion  never  produced  by  bacteria 
alone. 

I  believe  that  if  we  had  no  other  evidence  than  the  peculiar  lesions 
of  this  form  of  dysentery  with  which  are  always  associated  the  patho- 
genic species  of  entamebae  we  would  be  justified  in  considering  the 
latter  as  the  cause  of  the  disease. 

It  is  well  known  that  a  peculiar  form  of  liver  abscess  frequently 
complicates  amebic  dysentery.  The  pathology  of  this  condition  is 
characteristic  and  in  the  contents  of  such  abscesses  entamebae  can 
always  be  demonstrated  and  if  sections  are  made  of  the  abscess  wall 
these  organisms  are  found  within  the  tissues.  Frequently  the  ab- 
scess contents  are  sterile  save  for  the  entamebae,  while  the  most  care- 
ful staining  of  the  tissues  fails  to  reveal  any  other  etiological  factor. 

The  experimental  production  of  ,dysentery  in  susceptible  animals 
with  entamebae  dates  back  practically  to  the  discovery  of  these  para- 
sites. Loesch  produced  the  disease  in  a  dog  by  the  rectal  injection  of 
fecal  material  containing  entamebae  and  his  results  were  confirmed 
upon  cats  by  Hlava,  Kovacs,  Kartulis,  Zancoral,  Strong,  and  Mus- 
grave,  and  many  others.  Huber  produced  dysentery  in  dogs  by  feed- 
ing them  feces  containing  entamebae  and  Kruse  and  Pasqualle 
produced  the  disease  in  cats  with  the  pus  from  an  amebic  liver 
abscess.  The  work  of  Harris,  which  has  been  largely  overlooked  by 
writers  dealing  with  this  question,  was  of  great  interest  and  im- 
portance. He  endeavored  to  produce  dysentery  in  dogs  by  the  rectal 
injection  of  various  bacteria  and  fecal  material  from  dysentery  cases. 
Among  the  bacteria  injected  were  the  typhoid  bacillus,  colon  bacilli, 
anthrax  bacilli,  pyogenic  cocci,  the  dysentery  bacillus  of  Shiga  and 
mixed  cultures  of  bacteria  from  dysentery  patients.  His  experiments 
;  were  most  carefully  controlled  and  in  not  a  single  instance  did  the 
animals  show  any  evidence  of  disease  following  the  injection  of  the 
bacteria.  On  the  other  hand  the  injection  of  fresh  feces  containing 
entamebae  in  the  rectum  of  puppies  was  followed  in  every  case  by  a 
typical  dysentery  resulting  in  the  death  of  the  animal  experimented 
upon.  In  two  of  the  animals  amebic  abscess  of  the  liver  developed 
and  entamebae  were  recovered  from  the  abscess  pus.  In  all  of  the 
animals,  four  in  number,  the  lesions  present  in  the  intestine  were 
typical  of  those  found  in  amebic  dysentery  in  man.  The  period  of 
incubation  varied  from  three  to  six  days.  Sections  of  the  intestine 
of  the  infected  animals  exhibited  the  microscopic  pathology  of  amebic 
dysentery  and  the  entamebae  were  demonstrated  in  the  tissues. 

All  the  experimental  work  cited,  while  conclusive  as  to  the  produc- 
tion of  dysentery  in  susceptible  animals  with  material  containing 
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entamebae,  is  inconclusive  as  regards  the  exact  species  used  in  the 
experiments,  as  these  researches  were  made  before  Schaudinn's  work 
in  species  differentiation.  Since  his  observations,  however,  numerous 
investigators  have  proven  that  Entamoebas  coli  is  not  a  pathogenic 
organism  and  that  Entamoebas  histolytica  and  Entamoebas  tetragena 
are  the  species  most  frequently  concerned  in  the  etiology  of  amebic 
dysenter}'. 

RELATION  OF  ENTAMOEBAE  COLI  TO  DISEASE. 

Entamoebae  coli  is  a  species  frequently  observed  in  the  feces  in 
both  health  and  disease.  Although  it  is  probably  world-wide  in 
its  geographical  distribution  the  percentage  of  infection  varies 
greatly  in  different  localties,  being  highest  in  tropical  countries  and 
lowest  in  cold  climates. 

Schaudinn  found  it  present  in  50  per  cent  of  healthy  individuals 
in  West  Prussia,  in  20  per  cent  in  Berlin,  and  66  per  cent  of  healthy 
people  examined  on  the  shores  of  the  Adriatic  Sea;  Vedder,  in  50 
per  cent  of  healthy  American  soldiers,  and  72  per  cent  of  Filipino 
scouts  in  the  Philippines;  Sistrunk,  in  11  of  145  patients  suffering 
from  diseases  other  than  dysentery  in  the  Mayo  Hospital  at  Koches- 
ter,  Minn,  the  patients  coming  from  different  parts  of  the  United 
States ;  and  Ashburn  and  the  writer  in  71  per  cent  of  healthy  Ameri- 
can soldiers  in  Manila.  In  1905  I  examined  over  200  American 
soldiers  in  San  Francisco,  who  were  recruited  from  different  parts  of 
the  United  States,  and  found  that  65  per  cent  of  them  showed 
Entamoeba  coli  in  the  stools  after  a  saline  cathartic.  This  species 
has  lately  been  demonstrated  by  Stiles  in  North  Carolina,  by  McCar- 
rison  in  India,  and  its  occurrence  in  the  Philippines  confirmed  by 
Whitmore  and  Walker.  It  has  also  been  found  upon  the  Isthmus 
of  Panama  by  Darling  and  James,  in  South  America  by  Elmassian, 
and  in  Samoa  by  V.  Prowazek. 

That  this  organism  is  not  pathogenic  has  been  proven  by  many  in- 
vestigators. Its  common  occurrence  in  healthy  individuals,  in  whom 
it  has  been  observed  for  months  and  even  years  without  producing 
symptoms  of  diarrhea  or  dysentery,  and  the  negative  result  of  animal 
experiments  by  numerous  investigators  prove  that  this  species  is  a 
harmless  commensal  of  the  human  intestine.  Negative  results  were 
obtained  by  Kartulis,  Kruse  and  Pasquale,  Celli  and  Fiocca,  Strong 
and  Musgrave,  Kovacs,  and  Jiirgens  by  injecting  material  containing 
entamebae  parasitic  in  healthy  individuals,  and  Schaudinn  showed 
that  this  entameba,  which  he  called  Entamoeba  coli,  is  capable  of 
living  in  the  intestine,  but  that  it  never  produces  symptoms  of 
diarrhoea  or  dysentery  either  in  animals  or  man. 

I  have  made  many  attempts  to  produce  dysentery  in  kittens  with 
Entamoeba  coli,  both  by  injecting  fecal  material  containing  them  into 
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the  rectum  and  by  feeding  material  containing  both  the  encrysted 
and  vegetative  forms,  but  have  never  been  able  to  produce  the  least 
symptom  of  dysentery,  although  50  per  cent  of  the  kittens  given 
rectal  injections  of  feces  containing  Entamoeba  histolytica  and  65  per 
cent  of  kittens  fed  with  milk  infected  with  material  containing  the 
same  species  developed  severe  dysentery. 

In  a  recent  personal  communication  Dr.  Creighton  Wellmann  has 
furnished  me  with  some  data  regarding  experiments  with  Entameba 
coli.  He  infected  five  kittens  by  injecting  4  to  5  cubic  centimeters  of 
feces  containing  encysted  Entamoeba  coli  into  the  rectum.  All  the 
animals  remained  perfectly  well  and  were  killed  about  one  month 
after  the  injection.  In  none  of  them  were  any  evidences  of  dysenteric 
lesions  found  at  autopsy. 

From  the  evidence  which  has  accumulated  it  may  be  positively 
stated  that  Entamoeba  coli  is  not  a  pathogenic  parasite  and  that  it  has 
been  found  in  a  considerable  proportion  of  healthy  individuals  in 
every  region  where  it  has  been  carefully  searched  for.  This  parasite 
is  chiefly  of  importance  because  of  the  liability  of  confusing  it  with 
the  pathogenic  entamebae,  and  there  can  be  no  question  that  hundreds 
of  cases  of  so-called  amebic  dysentery  have  really  been  diarrhoeas  due 
to  other  causes,  but  so  diagnosed  because  of  the  finding  of  Entamoeba 
coli  in  the  stools. 

RELATION    OF   ENTAMOEBA    HISTOLYTICA    TO   DISEASE. 

I  have  already  mentioned  the  numerous  instances  of  the  produc- 
tion of  dysentery  with  material  containing  entamebae,  but  Schaudinn 
was  the  first  to  demonstrate  the  actual  species  concerned  in  many  of 
these  experiments.  This  species  he  named  Entamoeba  histolytica  and 
he  conclusively  proved  that  it  is  the  cause  of  a  form  of  dysentery  and 
that  the  so-called  spores  of  this  parasite  are  infective.  He  thus  de- 
scribes his  experiments,  which  prove  this  point : 

From  this  case  I  took  a  small  quantity  of  feces,  divided  it  into  three  parts, 
dried  each  in  the  air,  and  mixed  with  it  sufficient  water  for  about  20  crush 
preparations  under  cover  glasses.  These  preparations  were  carefully  examined, 
the  examination  being  conducted  upon  a  mechanical  stage  and  requiring  many 
hours.  No  forms  resembling  the  cysts  of  Entamoeba  coli  were  found,  but  the 
small  spores  of  Entamoeba  histolytica  were  noticed  in  large  numbers,  but  no 
vegetative  organisms  could  be  demonstrated.  The  cover  glasses  were  then 
removed,  the  feces  washed  with  distilled  water,  and  ten  such  preparations  were 
mixed  with  enough  distilled  water  to  form  1  cubic  centimeter  of  the  mixture. 
The  feces  of  the  animal  to  be  experimented  upon — a  healthy,  strong  young  cat — 
was  carefully  examined  for  amebae  and  none  could  be  demonstrated.  To  this 
cat  I  gave  the  1  cubic  centimeter  preparation  mentioned  above,  mixing  it  with 
milk.  On  the  evening  of  the  third  day  the  cat  passed  bloody  mucoid  feces  and 
an  examination  showed  the  presence  of  great  numbers  of  typical  Entamoeba 
histolytica.    In  the  afternoon  of  the  fourth  day  the  cat  perished.    Dissection 
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showed  typical  ulcerous  dysentery  of  the  large  intestine  and  immigration  of 
the  amebae  into  the  epithelium  could  be  easily  established. 

I  will  mention  yet  another  experiment  which  goes  to  prove  that  the  perma- 
nent spores  by  themselves  are  capable  of  producing  a  new  infection.  The  feces 
of  the  cats  developing  dysentery  contained  only  vegetative  stages  of  the  amebae, 
no  spores  being  found.  When  large  quantities  of  the  feces  were  given  to  a  cat 
it  remained  well  and  for  four  weeks  showed  no  amebae  in  its  feces.  It  was  then 
fed  with  the  remnant  of  the  dried  feces  used  in  the  first  experiment,  which  con- 
tained multitudes  of  the  spores,  and  after  six  days  the  amebae  began  to  appear 
in  the  feces.  Being  older  and  larger  than  the  other  cat,  it  proved  more  resist- 
ant to  the  infection  and  did  not  die  until  two  weeks  later.  The  autopsy  showed 
the  lesions  of  typical  amebic  dysentery. 

Schaudinn's  worl£  served  to  explain  the  negative  results  of  some 
observers  with  Entamoeba  histolytica.  During  the  active  stage  of 
dysentery  only  the  vegetative  forms  of  this  species  occur  in  the  feces, 
and  as  these  forms  are  not  infective  the  experiments  in  which  only 
material  containing  these  forms  are  used  will  give  negative  results. 
However,  if  the  feces  from  cases  which  are  recovering  from  dysen- 
tery are  used  for  experimental  purposes  a  large  proportion  of  sus- 
ceptible animals  will  develop  the  disease,  as  at  this  stage  of  the 
disease  the  infective  sporelike  cysts  are  present. 

In  1905  I  was  able  to  confirm  Schaudinn's  work  regarding  the 
pathogenic  nature  of  Entamoeba  histolytica.  Half-grown  kittens 
were  used  in  my  experiments,  and  50  per  cent  of  those  given  rectal 
injections  developed  the  disease,  while  66  per  cent  of  the  feeding 
experiments  were  successful.  It  will  be  noted  that  the  latter  method 
gave  the  best  results,  as  8  of  the  12  kittens  experimented  with  de- 
veloped dysentery,  Entamoeba  histolytica  being  found  in  the  feces 
and  in  sections  of  the  diseased  intestine.  One  of  the  animals  de- 
veloped an  amebic  abscess  of  the  liver,  and  this  species  of  entameba 
was  found  in  the  abscess  contents  as  well  as  in  sections  of  the  abscess 
wall.  The  period  of  incubation  varied  from  6  to  14  days,  being 
slightly  shorter  in  the  feeding  experiments  than  after  rectal  injection. 

All  the  kittens  experimented  upon  were  carefully  examined  for 
amebae  prior  to  the  experiments  so  as  to  rule  out  a  previous  infec- 
tion. Both  pure  and  mixed  cultures  of  all  bacteria  that  could  be 
cultivated  from  the  feces  were  fed  and  injected  in  order  to  control 
the  tests,  and  in  none  of  the  kittens  so  treated  did  the  symptoms  of 
diarrhoea  or  dysentery  develop,  and  at  autopsy  no  lesions  were  found 
in  the  intestine. 

In  dysentery  produced  by  the  rectal  injection  of  the  infected  ma- 
terial the  lesions  were  usually  localized  in  the  rectum  and  were  not  so 
severe,  as  a  rule,  as  when  the  infection  was  acquired  through  the 
mouth.  The  lesions  produced  were  typical  of  those  occurring  in 
amebic  dysentery  in  man  and  varied  in  extent  and  severity  with  the 
length  of  time  the  infection  lasted.     The  symptoms  consisted   of 
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diarrhoea  with  the  passage  of  blood-stained  mucous  stools,  containing 
multitudes  of  motile  Entamoeba  histolytica;  rapid  emaciation  with 
loss  of  appetite  and  strength ;  and  finally  death  from  exhaustion.  In 
a  few  instances  attacks  of  severe  diarrhoea  were  followed  by  a  period 
of  constipation  and  the  disease  became  chronic  in  nature.  The 
longest  period  of  incubation  was  14  days  in  a  kitten  injected  per 
rectum  and  the  shortest  period  6  days  in  an  infection  by  the  mouth. 

The  following  protocols  of  autopsies  will  illustrate  the  lesions  pro- 
duced in  kittens  by  Entamoeba  histolytica. 

Kitten  No.  1. — This  kitten  was  injected  per  rectum  on  October  19 
and  killed  upon  November  21,  the  first  evidence  ef  infection  having 
appeared  about  October  30. 

Kitten  No.  2. — Body  that  of  a  half-grown  kitten  very  greatly 
emaciated.  The  abdomen  is  greatly  distended  with  gas.  The  mucous 
membrane  of  the  anus  appears  swollen,  and  a  considerable  amount 
of  blood-stained  mucus  is  adherent  to  it.  The  subcutaneous  fat  has 
almost  entirely  disappeared  and  the  muscles  appeared  dry  and 
atrophied.  The  pleural  cavities  are  free  from  fluid  and  the  lungs 
appear  normal.  The  heart  is  greatly  congested  and  contains  red  clots 
in  all  the  chambers.  The  liver  is  hypertrophied,  deeply  congested, 
and  marked  albuminoid  degeneration  is  present  but  there  is  no  trace 
of  abscess  formation.  The  kidneys  are  congested  and  upon  section 
present  the  usual  lesions  of  an  acute  parenchymatous  nephritis.  The 
omentum  contains  a  small  amount  of  fat  and  is  not  inflamed.  The 
bladder  is  filled  with  urine. 

The  intestines  are  greatly  dilated  with  gas  and  fluid.  Upon  exter- 
nal examination  the  large  intestine  appears  swollen,  is  grayish  in 
color,  with  small,  darker  colored  areas  scattered  along  it.  Upon 
opening  the  large  intestine  the  mucous  membrane  of  the  rectum  is 
found  considerably  swollen  and  inflamed,  but  no  ulcerations  are 
present.  Above  the  rectum  for  a  distance  of  about  10  centimeters  the 
mucous  membrane  is  very  much  swollen  and  edematous,  bright  red  in 
color,  and  between  the  folds  a  considerable  amount  of  pus  can  be 
seen.  For  a  distance  of  about  4  centimeters  from  the  upper  end  of 
the  large  intestine,  the  mucous  membrane  is  inflamed,  being  red, 
swollen,  and  edematous.  In  this  area  there  are  numerous  ulcerations 
covered  in  with  bloody  mucus;  they  are  of  small  size,  somewhat 
irregular  in  shape,  and  extend  in  most  instances  to  the  submucosa, 
although  there  are  a  few  which  extend  to  the  muscular  coat  of  the 
intestine;  the  edges  are  undermined  and  many  of  the  ulcers  are  cov-. 
ered  with  necrotic  tissue,  brownish  yellow  in  color,  which  has  to  be 
removed  in  order  to  expose  them.  A  few  of  the  ulcers  communicate 
beneath  the  mucous  membrane.  The  small  intestine  shows  a  rather 
severe  acute  enteritis  and  the  stomach  an  acute  gastritis. 
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Kitten  No.  3. — This  kitten  was  fed  once  with  feces  containing 
Entamoeba  histolytica,  and  seven  days  later  developed  diarrhoea,  the 
feces  containing  blood  and  mucus:  as  well  as  numerous  motile  amebae. 
At  the  end  of  two  weeks  it  died,  having  presented  severe  symptoms  of 
amebic  dysentery  during  this  time. 

Autopsy:  Body  that  of  a  half-grown  kitten,  very  greatly  emaci- 
ated. Subcutaneous  fat  entirely  absent,  and  muscles  dry  and  much 
atrophied.  The  abdominal  cavity  is  free  from  fluid  and  the  intes- 
tines appear  normal  externally.  The  pleural  cavities  are  free  from 
fluid  and  the  heart  and  lungs  appear  normal.  The  liver  is  brownish 
red  in  color  externally  with  irregular  yellow  mottlings.  There  is  a 
small  abscess  present  at  the  dome  of  the  right  lobe,  measuring  0.25 
centimeter  in  diameter,  showing  very  distinctly  through  the  capsule 
of  the  organ.  Upon  section  of  the  liver  the  cut  surface  appears 
greatly  congested,  the  lobules  are  distinct,  and  no  abscesses  are  found 
other  than  the  one  mentioned.  The  gall  bladder  appears  normal. 
The  kidneys  appear  enlarged  and  congested  and  upon  section  show 
an  acute  congestion,  with  some  thickening  of  the  cortex.  Externally 
the  large  intestine  appeared  slightly,  if  at  all,  congested,  although  the 
walls  were  markedly  thickened.  Upon  opening  the  large  intestine  it 
was  found  filled  with  fecal  material  mixed  with  a  large  amount  of 
pus  and  blood-stained  mucus.  About  1  centimeter  from  the  anus, 
which  was  blood  stained  and  covered  with  mucus,  there  was  an  area 
measuring  4  centimeters  in  length  presenting  the  typical  lesions  of 
amebic  dysentery  as  they  are  observed  in  man.  The  entire  mucous 
membrane  was  swollen,  congested,  and  edematous.  Numerous  nodu- 
lar areas  projected  into  the  lumen  of  the  intestine,  which,  when 
incised,  were  found  filled  with  a  glairy  material  containing  hundreds 
of  Entamoeba  histolytica.  There  were  also  numerous  ulcerations,  more 
or  less  irregular  in  shape,  with  thickened  and  undermined  edges; 
many  were  covered  in  with  necrotic  tissue,  which,  upon  being  re- 
moved, showed  that  the  floor  of  the  ulcer  was  formed  by  the  muscular 
coat  of  the  intestine.  Many  of  these  ulcers  communicated  with  one 
another  beneath  the  mucous  membrane  and  most  of  them  had  pene- 
trated to  the  muscular  coat.  The  remainder  of  the  large  intestines 
presented  numerous  ulcerations  typical  of  those  seen  in  the  intestine 
of  patients  who  have  died  of  amebic  dysentery.  The  lesions  were 
most  marked  just  below  the  ileo-cecal  valve,  where  large  areas  of  the 
mucous  membrane  had  been  destroyed,  the  muscular  coat  of  the  intes- 
tine being  exposed. 

Kitten  No.  5. — This  kitten  was  fed  with  milk  containing  Entamoeba 
histolytica  several  times  before  dysentery  developed.  The  period 
of  incubation  was  eight  days  from  the  date  of  the  last  feeding,  but 
from  that  time  until  it  was  killed,  three  weeks  afterwards,  the  animal 
presented  the  symptoms  of  amebic  dysentery,  there  being  gradual  loss 
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of  appetite,  emaciation,  and  a  diarrheal  discharge  containing  blood 
and  mucus  with  numerous  motile  Entamoeba  histolytica. 

Autopsy:  Body  that  of  a  half-grown  kitten,  much  emaciated. 
Subcutaneous  fat  entirely  absent  and  muscles  much  atrophied.  The 
pleural  cavities  were  free  from  fluid  and  the  lungs  and  heart  ap- 
peared normal  save  for  congestion.  Upon  opening  the  abdominal 
cavity  the  small  intestine  appeared  congested  externally.  The  liver 
is  hypertrophied  and  greatly  congested.  The  kidneys  are  congested 
and  enlarged  and  upon  section  showed  the  lesions  of  an  acute  paren- 
chymatous nephritis.  The  large  intestine  was  dark  gray  in  color 
externally  and  was  considerably  thickened,  especially  toward  the 
rectum.  Upon  opening  the  intestine  it  was  found  to  contain  much 
fecal  material,  mixed  with  blood,  mucus,  and  pus.  Commencing  at 
the  rectum  and  extending  for  about  half  the  length  of  the  large  intes- 
tine, the  mucous  membrane  was  greatly  swollen,  bright  red  in  color, 
and  contained  numerous  ulcers.  The  majority  of  the  ulcers  were 
spherical  in  shape,  the  edges  were  undermined  and  greatly  thickened, 
and  many  were  covered  in  with  necrotic  tissue.  Upon  removing  this 
necrotic  material  the  base  of  the  ulcer  is  found  to  be  formed  by  the 
muscular  coat  of  the  intestine.  The  ulcers  present  were  typical  of 
the  amebic  ulcerations  seen  in  the  intestine  of  man  in  every  respect. 
The  remainder  of  the  large  intestine  was  black  in  color  and  gan- 
grenous, the  mucous  membrane  having  been  almost  entirely  destroyed, 
exposing  the  muscular  coat  throughout  this  portion  of  the  intestine. 
About  4  centimeters  below  the  ileocecal  valve  there  was  a  small 
perforation  measuring  about  one-sixth  centimeter  in  diameter. 

The  following  interesting  cases  of  experimental  infection  with 
Entamoeba  histolytica  have  been  furnished  me  by  Dr.  Creighton 
Wellman.  His  data  cover  five  kittens,  of  which  four  developed  dys- 
entery and  one  remained  free  from  the  disease. 

Kitten  No.  18. — On  August  20,  1910,  4  to  5  cubic  centimeters  of 
feces  containing  the  cysts  of  Entamoeba  histolytica  were  injected  per 
rectum.  The  kitten  remained  apparently  healthly  until  September 
1,  when  entamebae  were  found  in  the  feces.  From  this  time  on  the 
animal  grew  steadily  worse  and  the  number  of  entamebae  increased. 
The  animal  was  killed  September  21,  and  the  following  conditions 
were  found  at  autopsy:  Great  emaciation,  heart  and  lungs  normal, 
liver  enlarged  but  with  no  abscesses.  Kidney  showed  the  signs  of 
nephritis.  The  mucous  membrane  of  the  large  intestine  was  inflamed 
and  edematous,  and  there  were  numerous  small  ulcerations,  scrapings 
from  which  showed  many  entamebae.  The  small  intestine  and  the 
stomach  appeared  to  be  somewhat  injected.  Dr.  Wellman  stated: 
"  I  should  call  the  condition  found  a  typical  amebic  dysentery." 

Kitten  No.  19. — The  same  technique  was  employed  in  infecting 
(his  kitten.    This  animal  developed  dysentery  and  Entamoeba  histoly- 
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tica  was  found  in  the  feces.  The  autopsy  record  of  this  animal  is 
not  given. 

Kitten  No.  20. — This  kitten  was  fed  with  4  to  5  cubic  centimeters 
of  the  same  feces  used  in  infecting  the  kittens  already  mentioned. 
After  8  days  entamebae  were  found  in  the  stools  and  the  animal  died 
on  the  fifteenth  day  after  infection.  The  following  conditions  were 
found  at  autopsy:  The  kitten  was  much  emaciated,  heart  and  lungs 
normal,  liver  swollen  and  congested  but  showing  no  abscesses.  The 
kidneys  showed  the  evidences  of  nephritis.  The  mucous  membrance 
of  the  entire  large  intestine  showed  typical  amebic  ulcerations,  many 
of  them  burrowing  in  character.  The  scrapings  from  the  ulcers 
showed  numerous  entamebae.  The  entire  intestine  appeared 
edematous. 

Kitten  No.  23. — This  animal  was  fed  with  the  same  feces,  and  enta- 
mebae appeared  in  the  stools  on  the  ninth  day  after  feeding.  It  was 
killed  on  the  eighteenth  day  after  infection  and  the  same  condition 
found  as  in  kitten  No.  20,  but  the  lesions  were  not  quite  so  severe. 

Kitten  No.  2Jf. — This  animal  was  fed  with  the  same  feces,  but  with 
negative  results.  No  entamebae  appeared  in  the  feces  and  no  lesions 
were  found  in  the  intestine  when  the  kitten  was  killed  on  the  twenty- 
eighth  day  after  feeding.  This  animal  was  considerably  older  than 
the  others  experimented  with,  and  I  have  found  that  for  successful 
results  young  kittens  must  be  used,  as  full-grown  cats  are  much  more 
resistant  to  amebic  infection. 

Wellman  states  in  his  letter  that  he  considers  the  lesions  produced 
experimentally  in  these  kittens  as  identical  with  those  of  amebic 
dysentery  in  man.  More  recently  Werner,  working  at  the  Sailor's 
Hospital,  in  Hamburg,  has  produced  dysentery  in  cats  with  Enta- 
moeba histolytica. 

He  experimented  with  two  strains  of  Entamoeba  histolytica,  only 
one  of  which  he  found  infective.  He  was  able  to  produce  dysentery 
in  cats  with  this  strain,  but  found  that  after  six  passages  the  organ- 
ism lost  its  virulence.  The  incubation  period  varied  from  4  to  13 
days,  the  average  being  9  days.  Of  six  cats  infected  with  this  species 
four  died,  the  duration  of  the  disease  varying  from  7  to  24  days,  the 
average  being  15  days.  The  animals  were  infected  per  rectum. 
Werner  states  that  the  lesions  were  typical  of  amebic  dysentery  and 
were  always  confined  to  the  colon,  especially  the  lower  portion. 
Guinea  pigs  and  rats  were  found  to  be  resistant  to  infection  with  this 
parasite. 

From  the  evidence  which  has  been  submitted  I  believe  it  is  impos- 
sible to  conclude  otherwise  than  that  Entamoeba  histolytica  is  the 
cause  of  a  form  of  amebic  dysentery.  The  character  of  the  lesions 
present  in  this  condition,  the  constant  association  of  this  species  with 
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the  lesions,  and  the  production  of  similar  lesions  in  susceptible  animals 
with  material  containing  Entamoeba  histolytica  I  consider  conclusive 
proof  that  this  parasite  is  a  cause  of  amebic  dysentery  in  man. 

RELATION  OF  ENTAMOEBA  TETRAGENA  TO  DISEASE. 

The  experiments  of  Viereck,  Hartmann,  and  Werner  prove  that 
this  species  produces  a  form  of  dj^sentery,  although  Hartmann  be- 
lieves that  it  is  not  as  pathogenic  to  cats  as  Entamoeba  histolytica. 
The  incubation  period  in  his  experiments  varied  from  8  to  10  days 
and  the  infection  lasted  from  3  weeks  to  a  month.  He  states  that  at 
autopsy  the  cats  presented  the  typical  lesions  of  amebic  dysentery  as 
observed  in  man  and  that  Entamoeba  tetragena  was  found  in  the 
tissues. 

Werner  experimented  with  5  strains  of  Entamoeba  tetragena,  only 
3  of  which  were  found  to  be  pathogenic.  One  of  these  was  still  in- 
fective after  5,  one  after  3,  and  one  after  1  passage  through  cats, 
but  they  all  lost  their  virulence  after  repeated  passage.  The  incu- 
bation period  in  his  animals  varied  from  5  to  12  days,  and  the 
disease  lasted  from  3  to  25  days,  the  average  being  17  days.  He 
states  that  he  did  not  find  any  marked  differences  between  the  lesions 
produced  by  tetragena  and  histolytica  and  that  he  does  not  believe 
that  the  evidence  supports  the  idea  that  one  is  less  pathogenic  than 
the  other. 

Werner  describes  an  interesting  experimental  case  in  which  a  cat 
infected  per  rectum  with  a  strain  of  tetragena  developed  dysentery 
after  5  days  incubation,  the  stools  containing  many  entamebae.  At 
the  end  of  12  days  the  animal  died  and  at  autopsy  typical  amebic 
ulcers  were  found  in  the  lower  portion  of  the  colon,  while  the  right 
lobe  of  the  liver  showed  an  abscess  the  size  of  a  hazel  nut  upon  the 
anterior  surface.  The  pus  from  the  abscess  contained  entamebae 
of  the  tetragena  type. 

Franchini  reports  the  production  of  dysentery  in  a  monkey  by 
rectal  injections  of  fecal  material  containing  Entamoeba  tetragena. 
The  monkey  experimented  upon  had  been  under  observation  in  the 
laboratory  for  over  a  year,  was  perfectly  healthy,  and  repeated 
examinations  of  the  feces  before  the  experiment  showed  them  to  be 
free  from  entamebae.  After  the  rectal  injections  of  material  con- 
taining Entamoeba  tetragena  the  animal  developed  an  intense  dysen- 
tery, the  stools  containing  blood,  mucous,  and  multitudes  of  en- 
tamebae identical  in  morphology  with  those  injected.  The  animal 
died  from  the  infection  and  at  autopsy  ulcers  were  found  in  the 
large  intestine  and  Entamoeba  tetragena  was  demonstrated  in  sections 
of  the  diseased  tissues. 

In  a  personal  communication  Dr.  H.  B.  Fantham  states  that  he 
was  successful  in  producing  dysentery  in  one  of  two  kittens  fed  upon 
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feces  containing  Entamoeba  tetragena  from  an  infection  contracted 
in  Algeria.  The  kitten  died  in  3  weeks,  and  ulcerations  were  found 
in  the  intestine  which  contained  Entamoeba  tetragena.  His  experi- 
ments in  kittens  with  rectal  injections  of  material  containing  this 
parasite  were  all  negative. 

I  have  had  no  personal  experience  with  the  experimental  produc- 
tion of  dysentery  in  animals  with  this  species,  but  I  consider  the 
evidence  sufficient  to  prove  that  it  is  capable  of  causing  the  disease 
in  susceptible  animals  and  that  it  is  a  very  frequent  cause  of  dysen- 
tery in  man.  I  have  found  Entamoeba  tetragena  in  patients  suffering 
from  dysentery  contracted  in  the  Philippine  Islands,  Panama,  and 
several  of  the  United  States. 

RELATION  OF  CULTURAL  AMOEBAE   TO  DISEASE. 

As  several  authorities  have  reported  instances  of  the  production 
of  dysentery  in  animals  with  cultures  of  amebae  it  is  necessary  to 
consider  briefly  this  phase  of  our  subject.  I  have  already  stated 
that  it  has  been  proven  by  numerous  investigators  that  all  cultural 
amebae,  that  have  been  thoroughly  studied,  belong  to  the  genus 
Amoeba  and  differ  in  morphology  and  life  cycle  from  the  parasitic 
species  belonging  to  the  genus  Entamoeba,  and  that  there  is  no  suffi- 
cient proof  that  any  of  the  latter  species  have  been  cultivated. 

Prior  to  the  work  of  Musgrave  and  Clegg  several  authorities 
claimed  to  have  produced  dysentery  in  cats  with  cultures  of  amebae, 
while  others  were  unsuccessful  in  thus  producing  the  disease.  It  is 
unnecessary  to  consider  here  the  conflicting  results  obtained  by  such 
investigators  as  Kartulis,  Vivaldi,  Cassagrandi  and  Barbagallo,  and 
Zaubitzer  along  this  line,  but  the  work  of  Musgrave  and  Clegg 
deserves  special  consideration.  These  authors  were  successful  in 
cultivating  numerous  strains  of  amebae  in  symbiosis  with  bacteria 
from  the  feces  of  dysenteric  patients  and  from  liver  abscess  pus. 
They  refused  to  accept  the  classification  of  Schaudinn  and  considered 
that  all  amebae  might,  under  certain  circumstances,  become  patho- 
genic: They  were  successful  in  producing  ulcerations  of  the 
intestine  and  liver  abscess  in  monkeys  with  mixed  cultures  of  their 
amebae  and  various  bacteria,  and  in  one  instance  they  claim  to  have 
produced  amebic  dysentery  in  man  with  a  pure  mixed  culture  of 
amebae  isolated  from  the  stools  of  a  dysenteric  patient. 

In  the  light  of  -our  present  knowledge  these  experiments  of  Mus- 
grave and  Clegg  have  no  value  as  showing  the  relation  of  entamebae 
to  disease.  The  work  of  Hartmann,  Werner,  Whitmore,  Walker, 
and  the  writer  has  proven  conclusively  that  the  amebae  cultivated 
by  these  authors  are  not  entamebae  but  free-living  amebae,  and  the 
species  with  which  Musgrave  and   Clegg  claim  to  have  produced 
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dysentery  in  man  is  a  typical  free-living  ameba  of  the  Umax  type. 
The  occurrence  of  dysentery  after  the  administration  of  this  culture 
can  be  explained  in  many  ways:  The  culture  may  have  become  in- 
fected with  the  cysts  of  tetragena  or  histolytica,  or  the  man  have 
become  naturally  infected  or  have  been  infected  at  the  time  of  the 
experiment,  for  in  a  region  such  as  Manila  natural  infections  would 
be  very  difficult  to  guard  against.  As  regards  the  lesions  produced 
in  monkeys  with  cultures  of  amebae  it  should  be  remembered  that 
these  animals  suffer  naturally  from  amebic  infection,  and  there  is 
no  evidence  in  the  authors'  papers  that  repeated  examinations  of 
the  animals'  stools  were  made  for  a  sufficient  period  of  time  before 
the  experiments  to  prove  their  freedom  from  entamebae. 

The  occurrence  of  dysentery  in  monkeys  after  feeding  or  injecting 
cultural  amebae  is  probably  explained,  in  the  vast  majority  of 
instances,  by  the  fact  that  at  least  two  species  of  entameba  are 
parasitic  in  monkeys,  as  shown  by  Castellani  and  v.  Prowazek,  and 
that  these  species  are  capable  of  producing  dysentery  in  these  ani- 
mals. Greig  and  Wells  have  also  shown  that  in  India  natural 
amebic  infection  in  monkeys  is  very  common;  thus  every  one  of  53 
monkeys  with  which  they  desired  to  experiment  showed  amebae  in 
the  feces  which  resembled  those  found  in  man.  These  organisms 
only  appeared  at  irregular  intervals,  so  that  repeated  examinations 
of  the  feces  were  necessary  in  order  to  demonstrate  them.  Some  of 
the  animals  presented  symptoms  of  dysentery  while  under  observa- 
tion, while  others  appeared  perfectly  healthy.  I  do  not  know  the 
percentage  of  monkeys  infected  with  entamebae  in  the  Philippines, 
but  I  personally  observed  three  naturally  acquired  amebic  infec- 
tions in  these  animals  in  Manila,  and  I  have  no  doubt  that  careful 
examinations,  covering  a  sufficient  period  of  time,  would  demonstrate 
that  a  considerable  percentage  of  monkeys  in  these  islands  harbor 
entamebae  which  could  easily  be  confused  with  those  parasitic  in 
man. 

In  many  of  their  experiments  (Musgrave  and  Cleggs)  the  amebae 
were  grown  in  symbosis  with  the  typhoid  bacillus,  and  this  mixed 
culture  was  injected  directly  into  the  liver  subcutaneous  tissue,  or 
the  abdominal  cavity  of  the  animals  used,  and  was  followed  by  the 
appearance  of  abscesses  containing  both  amebae  and  bacteria.  It 
is  well  known  that  the  typhoid  bacillus  is  capable  of  producing 
abscesses  when  thus  injected,  and  I  have  observed  the  formation  of 
abscess  of  the  liver  after  the  injection  of  pure  cultures  of  this  organ- 
ism into  the  organ,  so  that  deductions  based  upon  such  experiments 
are  valueless  as  proving  the  pathogenicity  of  any  ameba.  Even 
though  lesions  were  produced  in  animals  with  these  cultures  of 
amebae  they  would  bear  no  relation  to  the  disease  as  it  occurs  in 
man,  because  the  cultivated  amebae  are  entirely  distinct  from  the  true 
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parasitic  amebae  which  cause  dysentery  in  man.  Personally  I  be- 
lieve that  some  of  the  lesions  described  by  Musgrave  and  Clegg  were 
produced  by  the  mixed  cultures  of  amebae  and  bacteria,  with  which 
they  worked,  but  I  can  not  admit  that  the  cultural  amebae  are  identi- 
cal with  the  parasitic  species,  or  that  their  experiments  are  of  any 
value  as  showing  the  relation  of  entamebae  to  disease. 

The  claim  of  Musgrave  and  Clegg  that  the  differences  in  structure 
and  life  cycle  of  the  cultural  amebae  are  due  to  artificial  surround- 
ings can  not  be  accepted.  Walker,  in  discussing  this  argument,  very 
justly  says:  "  That  while  slight  modifications  might  occur  under  such 
conditions,  it  is  very  improbable  that  cultivation  could  cause  a  com- 
plete reorganization  of  the  structure  of  the  nucleus,  develop  de  novo 
such  a  constant  organelle  as  a  contractile  vacuole,  or  profoundly 
modify  the  life  cycle  of  the  organisms.  Moreover,  that  the  supposed 
modification  should  invariably  take  the  form  of  a  change  from  the 
characters  of  the  genus  Entamoeba  to  those  of  the  genus  Ameba  is,  to 
say  the  least,  improbable." 

It  is  not  difficult  to  explain  the  ocurrence  of  free-living  amebae 
in  cultures  made  from  feces,  liver  abscess  pus,  or  from  the  intestine 
at  autopsy,  if  one  remembers  that  the  cysts  of  these  species  are  pres- 
ent in  the  atmosphere,  and  may  thus  easily  contaminate  the  cultural 
material.  The  recent  observations  of  Liston  and  Wells  prove  that 
it  is  possible  to  secure  cultures  of  free-living  species  of  amebae  upon 
media  exposed  to  the  air,  the  organisms  in  such  cultures  agreeing  in 
morphology  with  those  obtained  in  cultures  from  the  feces  and 
intestine.  Though  it  is  possible  for  the  free-living  species  to  pass 
through  the  intestinal  canal  of  animals  in  an  encysted  state  and 
afterwards  develop  in  cultures,  it  should  be  remembered  that  unless 
the  most  careful  cultural  technic  is  used  such  amebae  may  contaminate 
the  cultures  from  the  atmosphere,  and  it  is  probable  that  this  is  the 
manner  in  which  many  cultures  have  been  obtained,  especially  in 
regions  where  the  free-living  species  are  found  abundantly.  How- 
ever, it  is  very  difficult  to  understand  how  anyone  possessing  accu- 
rate knowledge  of  the  morphology  and  life  history  of  amebae  could 
mistake  these  cultural  species  for  any  of  the  entamebae  of  man. 

CONCLUSIONS. 

The  following  conclusions  appear  to  be  justified  as  regards  the 
relation  of  entamebae  to  disease. 

1.  Entamoeba  coli  is  a  harmless  commensal  in  the  human  intestine. 

2.  Entamoeba  histolytica  and  Entamoeba  tetragena  are  pathogenic 
species  capable  of  producing  in  man  the  disease  known  as  amebic 
dysentery. 

3.  Entamoeba  coli,  Entamoeba  histolytica,  and  Entamoeba  tetra- 
gena are  strictly  parasitic  species  and  have  not  been  cultivated. 
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4.  There  is  not  sufficient  evidence  at  present  to  prove  that  any  of 
the  ameba  that  have  been  cultivated  are  pathogenic  to  man.  All 
cultivated  species  belong  to  the  genus  Amoeba  and  differ  greatly  in 
morphology  and  life  cycle  from  the  parasitic  ameba,  which  belong  to 
the  genus  Entamoeba. 

References. 

The  references  are  arranged  alphabetically  and  only  papers  which  have  been 
consulted  in  preparing  this  paper  are  included  in  the  list : 
Ashburn,  P.  M.,  and  Craig,  C.  F.,  Entamoeba  coli,  etc.    The  Military  Surgeon. 

1907.  I.  p.  21.   - 

Casagrandi,  O.,  and  Barbagallo,  P.,  Recersche  Biolog.  e.  Clinishe  dell  "Amoeba 
coli "  Boll.  Accad.  Groinea.  sc.  nat.  Catania.     1895.     xli.  p.  7. 

Idem.  Entamoeba  hominis  a  amoeba  coli  (Loesch).  Anali  d'Igiene  speri- 
mentale,  1897.     V.  p.  103. 

Castellani,  A.,  Note  on  a  Liver  Abscess  of  Amoebic  Origin  in  a  Monkey.  Para- 
sitology.    1908,  I,  p.  101. 

Celli,  A.,  and  Fiocca,  R.,  Ueber  die  Etiologie  der  Dysenterie.  Centralbl.  f.  Bakt, 
etc.,  1895,  I,  xvii,  p.  309. 

Craig,  Chas.  F.,  Observations  upon  Amoebae  Infecting  the  Intestine,  etc.,  Am. 
Med.  Phila.     1905,  IX,  pp.  854,  897,  937. 

Idem.     Studies  upon  Amoebae  in  the  Intestine  of  Man.    Jour.  Infect.  Diseases. 

1908.  5,  p.  324. 

Idem.     Entamoeba  tetragena  as  a  Cause  of  Dysentery  in  the  Philippine  Islands. 

Arch.  Inter.  Med.     1911,  VII,  p.  362. 
Idem.    The  Parasitic  Amoebae  of  Man.     1911.    Philadelphia. 
Idem.     Observations  upon  the  Morphology  of  Parasitic  and  Cultural  Amoebae. 

Jour.  Med.  Research,  1912,  XXVI,  p.  1. 
Idem.    The  Parasitic  Amoebae  of  Man  and  their  Relation  to  Disease.    New 

Orleans  Med.  and  Surgical  Jour.     1912.     XXX.  p.  1. 
Darling,  S.  T.,  Rep.  Dept.  Sanit.  Isthmian  Canal  Commis.,  1912.    March,    p.  42. 
Elmassian,  Entamoeba  minuta,  etc.,  Centralbl.  f.  Bakt.,  etc.,  1909,     Abt.  Orig. 

52,  p.  335. 
Fantham,  H.  B.,  Personal  Communication. 

Greig,  E.  D.,  and  Wells,  R.  T.,  Dysentery  and  Liver  Abscess  in  Bombay.     Scien- 
tific Mem.  Sanit.  Dept's.  Gov't.  India.     N.  S.  47.     1911. 
Harris,  H.  F.,  Hatfield  Prize  Essay.     Philadelphia,  1901. 
Franchini,   G.,   Experimentelle  Tropendysenterie,   die   Entamoeba    beim   Affen. 

Centralbl.  f.  Bakt.,  etc.     1912.     I.  Abt.  Orig.  61,  7,  p.  590. 
Hartmann,   M.,   Eine   neue  Dysentery   amoeba.     Beiheft.   z   Arch.   f.    Schiffs-u 

Tropenhyg.,  1908,  V,  p.  117. 
Idem.     Untersuchungen    u.    parasitischen    amoben.     I,    Entamoeba    histolytica, 

Schaudinn.     Arch.  f.  Protistenk.     1909.     XVIII,  p.  207. 
Idem.     Die  Dysenterie-Amoben.  Handbuch  der  Pathogenen  Protozoen.  v.  Prowa- 

zek.     Leipzig.     1911.     I,  p.  50. 
Idem.     Untersuchungen    u.    parasitische   Amoben.     II.    Entamoeba    tetragena, 

Viereck.     Arch.  f.  Protistenk.     1912,  XXIV,  p.  163. 
Hlnva,  Ueber  die  Dysenterie.     Centralbl.  f.  Bakt.,  etc.,  1887.     Abt     X,  p.  537. 
Huber.     Deutsche.  Med.  Wochenschr.,  1903,  XXIX,  p.  267. 
James,  W.  M.,  Personal  Communication. 
Jurgens,  Zur  Kenntnlse  der  Darmamoeben  und  der  Amoemen-enteritis.     Veroff. 

a.  d.  Oeb.     Milit-Sanitatswes.     Berlin,  1912.     20,  p.  110. 


Craig.]  RELATION   OF   PARASITIC    AMEBAE    TO   DISEASE.  167 

Kartulis.     Zur  Aetiologie  der  Dysenterie  in  Aegypten.     Virch.    Archiv.  f.  path. 

Anat.     1886.     ex,  p.  521. 
Koidzurui,  M.,  On  a  New  Parasitic  Amoeba,  Entamoeba  nipponica.     Centralbl.  f. 

Bakt.,  etc.,  1909.     I,  Orig.  li.  p.  650. 
Kovacs,  F.,  Amoeben  Dysenterie.    Zeitschr.  f.  Heilkde.    1892.    xiii,  p.  509. 
Kruse,    W.,    and   Pasquale,   A.,    Studium    des   Dysenterie   und    Leberabscesse. 

Deutsche,  med.  Wochenschr.     1893,  15,  I.  p.  354 ;  16,  p.  368. 
Lesage.    Note  sur  l'Entamibe  de  la  dysenterie  amibiene,  etc.,  Bull.  d.  l'Soc.  d. 

Path.  Exotique.     1908,  I.  p.  104. 
Llston,  W.  G.,  and  Martin,  C.  A.,  A  Note  on  the  Early  Stages  of  Nuclear  Division 

of  the  Large  Amoeba  from  Liver  Abscesses.     Quar.  Jour.  Microscop.  Science. 

N.  S.  1911.     226,  p.  279. 
Loesch,  F.,  Massenk.  Entw.  v.  Amoeben  in  Dickdarm.  Virch.  Arch.  f.  Path.  Anat. 

1875,  lxv,  p.  196. 
Musgrave,  W.  E.,  and  Clegg,  M.  T.,  Amebas :  Their  Cultivation  and  Etiological 

Significance.     Bureau  of  Govt.,  Lab.  Bull.,  Biological  Lab.,  1904,  18,  Manila, 

P.  I. 
Idem.     The    Cultivation    and    Pathogenesis    of    Amoebae.     Philippine    Jour., 

Science.     1906,  I,  p.  909. 
Noc,  F.,  Sur  la  Dysenterie  Amibiene  en  Cochinchine.  Ann.  Inst.  Pasteur.  1900, 

XXIII,  p.  177. 
Prowazek,  S,  v.  (and  Hartmann,  M.,)  Arch.  f.  Protistenk.,  1909,  xviii,  p.  312. 
Prowazek,  S,  v.,  Entamoeba  buccalis.  n.  s.  Arb.  a.  d.  kaiserl.    Gesundheitsamte. 

1904.     xxi  p.  42. 
Idem.     Beitrag  zur.  Entamoeba-Frage  (Entamoeba  williamsi)  Arch. f.  Protistenk 

1911,  xx,  p.  345. 

Idem.    Zur  Kenntnis  der  Entamoeba.  Arch.  f.  Schiffs-u.  Tropenhyg.  1912,  16,  I. 

P.  30. 
Idem.  Weitere  Beitrag  zur.  Kenntnis  d.  Entamoeben.  VI.  Arch.  f.  Protistenk. 

1912.  xxvi,  p.  241. 

Schaudinn,  F.,  Untersuch.  u.  d.  Fortpalnzung  d.  Rhizopoden.  Arb.  a.  d.  Kaiserl. 

Gesundheitsamte,  1903,  xix,  p.  547. 
Sistrunk,   W.   E.,   Intestinal  Parasites  found  in  Individuals  Residing  in   the 

Northwest.    Jour.  Amer.  Med.  Assoc.  1911.     lvii,  p.  1507. 
Stiles,  C.  W.,  The  Presence  of  Entamoeba  histolytica  and  Entamoeba  coli  In 

North  Carolina.     Public  Health  Reports.    Washington,    xxvi,  1911,  p.  1276. 
Strong,  R.  P.,  and  Musgrave,  W.  E.,  Etiology  of  the  Dysenteries  of  Manila. 

Ann.  Rep.  Surg.  General,  U.  S.  Army,  1900.    p.  251. 
Vedder,  E.,  An  Examination  of  the  Stools  of  100  Healthy  Individuals  etc.,  Jour 

Am.  Med.  Assoc.  1906,  xxvi,  p.  870. 
Viereck,  H.,  Stndien  ueber  die  in  den  Tropen  erworbene  Dysenterie.  Arch.  f. 

Schiffs-u  Tropenhyg.,  1907.     xi.     Beiheft.  I.  P.  1-41. 
Vivalidi.  Le  Amebe  della  Dissenteria.    La  Riforma  Med.  Naples.    1894,  x,  p.  147. 
Walker,  E.  L.,  The  Parasitic  Amebae  of  the  Intestinal  Tract  of  Man  and  other 

Animals.    Jour.  Med.  Research,  1908,  xvii,  p.  379. 
Idem.    A  Comparative  Study  of  the  Amebae  in  the  Manila  Water-Supply,  etc., 

Phil.  Jour.  Science.     Sec.  B.  1911,  vi,  p.  259. 
Wellman,  Creighton.,  Personal  Communication. 

Wells,  R.  T.,  Aerial  Contamination  as  a  Fallacy  in  the  Study  of  Amoebic  Infec- 
tions by  Cultural  Methods.     Parasitology,  1911,  iv,  p.  204. 
Werner,  H.,  Studies  Regarding  Pathogenic  Amoebae.     Indian  Medical  Gazette. 

1909,  xliv,  p.  241. 
Whitmore,  E.,  Parasitare  and  freilebende  Amoben  aus  Manila  and  Saigon.  Arch. 

f.     Protistenk.    1911.    xxiii,  p.  70. 


168      SECTION  I.    HYGIENIC   MICROBIOLOGY  AND  PARASITOLOGY. 

Whitniore,  E.    Studien  ueber  Kultur  amoeben  aus  Manila.    Arch.  f.  Protistenk., 

1911,  xxiii,  p.  81. 
Williams,  Anna.,  Pure  Cultures  of  Amoebae  Parasitic  in  Animals.    Jour.  Med. 

Research.  1911,  xxv,  p.  263. 
Zancoral.    Pathogenie  des  absces  du  foie.    Rev.  Central,  f.  Bakt,  etc.,  1893,  I. 

Abt.  p.  638. 
Zaubitzer.     Studien  ueber  Strohinfus.,  amoebae.    Arch.  f.  Hyg.,  1901.    xlii,  p. 

311. 


THE   IDENTIFICATION   OF   THE  PATHOGENIC    ENTAMOEBA    OF 

PANAMA. 

Dr.  S.  T.  Darling,  Chief  of  Laboratory,  Isthmian  Canal  Commission,  Ancon, 

Canal  Zone. 

The  identification  of  the  entamoeba  that  causes  dysentery  and  liver 
abscess  in  Panama  has  recently  been  placed  on  a  satisfactory  basis, 
since  two  of  the  members  of  the  hospital  staff  have  given  special 
attention  to  the  subject,  and  have  had  referred  to  them  for  diagnosis 
all  cases  of  entamoebic  dysentery.  Formerly,  each  doctor  diagnosed 
the  cases  in  his  own  ward,  and  there  was  no  uniformity  in  the  identi- 
fication of  entamoebae,  each  man  determining  for  himself  whether  in 
a  given  case  the  entamoeba  was  E.  coli  or  E.  histolytica. 

Influenced  by  the  work  of  Schaudinn  and  Craig,  until  a  year  ago 
I  regarded  all  pathogenic  forms  as  E.  histolytica.  In  August,  1911, 
a  careful  study  of  the  entamoebae  found  in  clinical  cases  of  enta- 
moebic dysentery  and  entamoebic  liver  abscess  was  begun,  and 
observations  since  then  have  led  me  to  be  of  the  opinion  that  the  only 
pathogenic  form  in  this  region  is  E.  tetragena  (Viereck.). 

Having  ample  facilities  for  the  collection  of  material  from  clinical 
cases,  autopsies  and  the  operating  room,  and  for  animal  experi- 
mentation attempts  we're  made  to  determine  the  specific  characters 
of  the  entamoebae  so  collected. 

Methods  of  examination : 

1.  Fresh  and  moist-chamber  preparations,  and  those  stained  in- 
travitam  with  gentian  violet. 

2.  Wet-fixed  preparations,  stained  with  haematoxylin,  Romo- 
nowsky  modifications,  and  various  other  stains. 

3.  Dry-fixed  preparations,  stained  by  modifications  of  the  Ro- 
monowsky  method. 

4.  Animal  inoculations  and  feeding  experiments. 
Examination  of  fresh  preparations: 

It  was  found  that  very  few  of  the  published  descriptions  of  enta- 
moebae were  sufficiently  helpful  as  guides  for  the  purposes  of  identi- 
fication ;  in  fact,  every  step  required  to  be  specially  worked  out,  and 
clinical  and  morphological  data  correlated  with  animal  experi- 
mentation. 
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Take  the  questions  of  refractility  of  the  ectoplasm  and  the  color 
of  the  cytoplasm.  It  seems  to  me  that  refractility  is  very  largely  a 
question  of  the  age  of  the  entamoeba,  or  its  relation  to  encystment, 
without  regard  to  species.  I  have  found,  in  cultures  of  free  living 
forms,  that  the  younger  amoebae  were  not  very  refractile,  while  those 
approaching  the  period  of  encystment  were  quite  refractile.  In  a 
fatal  case  I  found  that  large  trophozoites  deep  in  the  submucosa  in 
the  floors  of  ulcers  were  very  slightly  refractile,  while  many  of  the 
smaller  entamoebae,  in  the  more  superficial  sloughs,  were  highly 
refractile,  yet  they  were  representatives  of  one  species.  In  some 
clinical  cases  all  the  forms  seen  were  highly  refractile,  many  con- 
tained chromidia,  and  were  the  precursors  of  the  small  generation 
from  which  the  cysts  develop.  In  other  cases  all  the  entamoebae 
were  finely  granular,  contained  no  erythrocytes,  and  were  not  refrac- 
tile. I  have  never  seen,  either  with  natural  or  artificial  illumination, 
the  green  or  gray  tints  noted  by  several  writers,  and  it  does  not  seem 
to  me  that  stained  specimens  bear  out  the  notion  that  green  color 
is  due  to  lysed  erythrocytes,  for  the  latter  are  held  intact  for  a  consid- 
erable period  in  the  endoplasm,  and  disappear  by  condensation  and 
erosion,  while  retaining  their  staining  characters.  I  should  say  that 
all  observations  were  made  with  artificial  light,  transmitted  through 
blue  glass,  and  I  wish  to  call  attention  to  the  necessity  of  using  some 
such  uniform  method  of  illumination,  for  the  difference  in  illumina- 
tion between  light  derived  from  a  blue  sky,  or  from  white  clouds, 
makes  their  use  as  sources  of  light  uncertain,  and  gives  inconstant 
pictures  usually  not  noted  by  the  observer.  The  resulting  errors  may 
be  eliminated  by  the  use  of  artificial  light. 

The  nucleus  is  said  to  be  inconspicuous  in  the  pathogenic  enta- 
moeba in  fresh  preparations,  but  I  have  not  always  found  this  to  be 
the  case  when  artificial  light  has  been  used.  It  is  true  that  in  many 
individuals,  or  in  all  the  individuals  in  some  cases,  the  nucleus  can 
not  be  made  out  in  fresh  preparations.  But  when  one  learns  to  rec- 
ognize the  nucleus  nothing  within  the  trophozoite  is  more  conspicu- 
ous. The  refractile  granules  or  masses  of  peripheral  chromatin 
stand  out  with  great  prominence  and  may  be  followed  with  ease  as 
the  entamoeba  moves. 

The  presence  of  an  ectosarc  is  very  constant  in  the  trophozoites  of 
the  pathogenic  form,  and  is  an  important  feature  for  differentia- 
tion from  E.  coli. 

While,  in  most  cases,  it  is  true  that  all  entamoebae  detected  in  stools 
associated  with  pus  blood  and  mucus  are  pathogenic,  it  is  not  this 
type  of  case  that  presents  difficulties.  The  puzzling  cases  are  those 
in  which  entamoebae  are  detected  in  fluid  stools  containing  mucus, 
or  in  semisolid  or  formed  stools  unassociated  with  blood  or  pus,  but 
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which  it  is  necessary  to  diagnose  at  once,  so  that  treatment  may  be 
started  energetically. 

METHODS  OF  STAINING. 

As  an  aid  to  rapid  diagnosis,  I  have  used,  with  some  success,  gen- 
tian violet  as  an  intra vitam  stain.  The  stain  is  used  in  the  concen- 
trated fluid  form,  or  diluted  with  an  equal  amount  of  water,  and 
is  either  added  to  the  flake  or  mucus  or  drawn  under  the  cover  slip, 
and  the  preparation  examined  immediately.  While  many  indi- 
viduals become  overstained  or  remain  understained,  usually  they 
will  gradually  take  up  the  stain  in  such  a  manner  that  the  pe- 
ripheral chromatin,  the  centriole  and  karysome  in  E.  tetragena 
stand  out  with  almost  the  clearness  and  definition  of  well-stained 
hematoxylin  preparations  fixed  in  the  wet  way,  and  differentiation 
from  E.  coli  is  easy.  I  have  tried  several  basic  stains,  but  none  is  so 
good  as  gentian  violet  for  intravitam  staining.  Even  when  the 
trophozoite  is  very  refractory  to  the  stain,  as  in  the  small  generation, 
and  in  the  forms  which  contain  chromidia,  the  nucleus  for  some 
reason  will  become  more  refractile  and  conspicuous.  The  nonre- 
fractile  trophozoites  take  up  the  gentian  violet  rapidly,  while  cysts 
and  the  refractile  forms  take  up  the  stain  slowly. 

Haematoxylin-stained  preparations  were  made  from  those  fresh 
films  which  contained  a  sufficient  number  of  entamoebae  to  warrant 
staining  and  study.  The  cover  slip  was  removed,  and  both  slip  and 
slide  were  fixed  in  Schaudinn's  bichloride  alcohol,  or  in  Zenker's 
solution  diluted  one-fourth  and  one-eighth,  as  the  full-strength  solu- 
tion causes  artefacts  in  the  nucleus.  Several  haematoxylin  stains 
were  used  and  particularly  clear  pictures  were  obtained  with  Mal- 
lory's  phosphotungstic  acid  haematoxylin,  with  the  modification 
that  the  films  were  not  given  a  preliminary  treatment  with  oxalic 
acid  or  permanganate,  but  were  placed  over  night  in  the  haema- 
toxylin, and  then  differentiated  with  very  dilute  permanganate.  This 
is  a  shorter  way  of  using  phosphotungstic  acid  haematoxylin,  and 
gives  excellent  results. 

Fresh  and  wet-fixed  preparations  were  controlled  or  compared 
with  others  stained  after  dry  fixation  by  some  modification  of  the 
Romanowsky  stain.  The  films  were  thoroughly  dried,  then  stained 
with  Hasting's  stain,  overstained  with  Giemsa's  stain,  and  differ- 
entiated with  ammoniated  alcohol.  It  was  observed  that  the  de- 
scriptions of  pathogenic  entamoebae,  as  well  as  figures  used  to  illus- 
trate them  in  the  literature,  did  not  correspond  with  the  results  ob- 
tained in  well-differentiated  films  stained  by  the  method  just  de- 
scribed. And  it  is  believed  that  descriptions  in  the  literature  based 
on  films  stained  in  the  usual  way  that  had  not  been  sufficiently  dif- 
ferentiated are  not  as  exact  as  they  might  be.     Romanowsky  stains 
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have  a  tendency  to  overstain,  just  as  haematoxylin  does,  though  not 
so  intensely  as  the  latter,  and  this  overstaining  must  be  corrected 
by  the  use  of  a  differentiating  agent. 

It  has  been  my  practice  to  stain  in  the  following  way:  Fresh  cover- 
slip  preparations  containing  a  sufficient  number  of  entamoebae  to 
warrant  staining  and  study,  or  those  intended  for  diagnosis,  are  made 
into  smears  by  sliding  off  the  cover  slip  and  thoroughly  drying  both 
slip  and  slide,  after  which  each  is  stained  with  Hasting's  stain  for  15 
minutes.  Satisfactory  films  are  then  overstained  with  Giemsa's  stain 
until  the  film  has  a  diffuse  reddish  purple  tint.  The  film  is  then 
plunged  into  60  per  cent  ethyl  alcohol  containing  about  1  per  cent  of 
water  of  ammonia  (10  per  cent),  and  differentiated  in  this,  washed 
in  water,  and  controlled  by  the  microscope  until  the  purple  substance 
of  the  nucleus  and  the  blue  color  of  the  cytoplasm  are  strongly  con- 
trasted. The  film  when  properly  differentiated  has  a  blue  violet 
color.  If  the  film  has  been  greatly  overstained,  it  is  treated  with  a 
momentary  douche  of  95  per  cent  alcohol.  Beautiful  pictures  are 
obtained  in  this  way,  but,  what  is  of  more  importance,  the  various 
figures  displayed  by  the  purple  staining  substance  (karyosome?) 
can  be  noted  and  followed  with  ease.  This  purple  staining  sub- 
stance, in  the  nucleus  of  Entamoeba  tetragena  in  dried-fixed  films, 
represents  only  a  portion  of  the  nucleus,  as  the  centriole  and  periph- 
eral chromatin  do  not  stain  purple  by  the  above  method.  The  pur- 
ple staining  substance  in  the  nucleus  of  E.  tetragena  frequently 
appears  as  a  ring,  or  as  a  reticulum,  or  scattered  granules.  Its  phases 
do  not  appear  to  have  been  accurately  described,  but  have  been  con- 
fused with  the  appearances  presented  in  wet-fixed  films  when  basic 
stains  have  been  used. 

Here  I  wish  to  call  attention  to  certain  errors  of  interpretation 
which  I  believe  have  resulted  from  the  failure  to  properly  distin- 
guish between  the  purple  staining  substance,  or  karyosome  of  the 
nucleus  in  Entamoeba  tetragena  in  dry-fixed  films,  and  the  nuclear 
substance  which  stains  with  basic  stains  in  wet-fixed  preparations. 
For  example:  cuts  showing  the  purple  chromation  of  the  nucleus  of 
E.  histolytica  represented  by  Craig  and  illustrated  in  its  proper  color, 
have  been  used  by  other  writers  and  figured  in  terms  of  haematoxylin, 
or  black  and  white,  without  explaining  that  the  black  in  the  figure 
represents  the  purple  staining  substance  of  dry-fixed  Romanowsky 
preparations.  Dry-fixed  stained  films  should  never  be  confused  with 
those  stained  after  wet  fixation,  for  the  pictures  are  different  in  each 
case,  and  the  mistake  should  never  be  made  of  attempting  to  trans- 
late one  into  the  other.  In  dry-fixed  films  the  permeability  of  the 
entamoebae  to  stains  apparently  has  been  profoundly  modified,  for 
the  centriole  and  the  peripheral  chromatin  do  not  take  or  retain  the 
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purple  stain.  The  karyosome  alone  retains  the  purple  stain,  while 
the  remainder  of  the  nucleus  stains  faintly  blue,  sometimes  revealing 
the  achromatic  granules  of  uniform  size  which  appear  to  form  part 
of  its  structure. 

Feeding  and  inoculation  experiments: 

A  number  of  kittens,  cats,  dogs,  and  monkeys  have  been  fed  by 
mouth,  or  inoculated  per  rectum,  with  cysts  and  trophozoites  of 
Entamoeba  tetragena.  When  tetragena  cysts  have  been  fed  to  half- 
grown  cats,  there  has  resulted,  not  the  typical  entamoebic  1  colitis, 
such  as  is  usually  described  in  the  literature,  but  an  enteritis,  and, 
in  this  lesion  in  the  ileum,  trophozoites  have  been  found  which, 
though  arising  from  tetragena  cysts,  had  the  morphology  not  only  of 
E.  tetragena,  but  of  E.  histolytica  and  E.  nipponica.  Now,  as  ma- 
terial which,  from  its  history  and  microscopical  appearance,  was  cer- 
tainly a  pure  culture  of  E.  tetragena  cysts  was  used  in  the  experi- 
ment, and  as  the  various  forms  appeared  in  the  cat's  intestines,  I  am 
led  to  believe  that  the  large  vegetative  trophozoites,  described  as 
E.  histolytica  and  E.  nipponica  by  various  writers,  are  nothing  more 
than  the  large  trophozoites  in  the  first  place,  and  atypical  or 
degenerate  form  of  E.  tetragena  in  the  latter,  and  I  am  confirmed  in 
this  opinion  by  never  finding  in  my  cases  any  of  the  perpetuating 
forms  described  by  Schaudinn  and  Craig  for  E.  histolytica.  In 
one  fatal  case  of  tetragena  infection,  I  observed  from  autopsy  ma- 
terial many  trophozoites  that  protruded  psudopodia  not  unlike  those 
figured  by  Craig  for  E.  histolytica.  Their  extremities  were  re- 
fractile  and  appeared  to  contain  a  round,  spore-like  body;  yet, 
when  these  coverslip  preparations  were  fixed  immediately  and 
stained  with  haematoxylin  and  by  Romanowsky,  the  picture  pre- 
sented was  that  of  E.  tetragena,  and  the  spore-like  bodies  had  dis- 
appeared. In  studying  a  strain  of  E.  tetragena  in  cats,  following 
rectal  injection  of  trophozoites,  I  found  at  the  fourth  remove  in  dry 
fixed  preparations  a  great  many  trophozoites,  the  peripheries  of 
which  contained  one  or  several  labose  projections,  which  were  very 
frequently  deeply  stained  blue  or  contained  a  nucleus  and  suggested 
strongly  the  descriptions  of  E.  histolytica  by  Craig,  but  these  were 
artefacts ;  for,  in  wet- fixed  haematoxylin  preparations  from  the  same 
coverslip  preparation,  the  picture  was  that  of  E.  tetragena;  and 
associated  with  these  trophozoites  were  several  uninucleated  tetra- 
gena cysts.  If  only  the  dry-fixed  films  had  been  studied  in  this  case, 
they  might  easily  have  been  described  as  E.  histolytica. 

With  reference  to  rectal  inoculation  of  trophozoites,  infection 
occurs  within  a  few  days  (5  to  8)  if  the  strain  is  not  too  aged  or 
near  the  stage  of  encystment;  while,  by  mouth  feeding,  the  dura- 
tion is  longer  (12  days).  In  this,  my  experiments  have  not  paral- 
leled those  of  other  writers.     It  is  difficult  to  explain  this;  but  I  may 
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say  that,  after  several  unsuccessful  attempts  to  infect  very  young 
kittens  and  adult  cats,  I  subsequently  only  used  kittens  weighing 
about  700  grams. 

Animal  experimentation  is  of  very  great  value  in  studying  the 
variation  in  a  given  strain.  In  a  strain  in  kittens  recently,  I  have 
been  able  to  watch  senility  gradually  developing  from  week  to  week, 
the  entamoebae  becoming  reduced  in  size,  filled  with  chromidia,  and 
ultimately  becoming  encysted. 

The  comparative  study  of  staining  and  fixing  agents  has  brought 
out  some  very  interesting  information.  The  very  marked  differences 
presented  by  dry-fixed  and  wet-fixed  stained  preparations  have  been 
referred  to.  Phosphotungstic  acid  haematoxylin  gives  varying  pic- 
tures, depending  on  the  fixative.  More  information  of  the  structure 
of  the  nucleus  is  obtained  by  the  use  of  this  stain,  after  fixing  with 
diluted  Zenker's  fluid  (one-eighth  and  one-fourth)  and  Flemming's 
fluid.  The  karyosome  is  not  so  well  transfixed  when  fixed  with 
Merkel's,  Hermann's,  or  Schaudinn's  fluid.  In  wet-fixed  films  stained 
by  Romanowsky,  it  was  never  possible  to  stain  the  trophozoites 
exactly  like  the  tissue  cells  near  by.  When  stained  by  Giemsa's 
method,  and  differentiated  in  acetone  xylol,  the  peripheral  chromatin 
usually  stained  blue,  while  the  centriole  and  nuclear  sap  stained 
pink  or  red,  the  tissue  cells  nearby  displayed  purple  staining  sub- 
stance throughout  the  nucleus. 

It  was  possible,  in  several  cases,  to  study  first  the  tissue  destroying 
trophozoites,  later  the  small  generation,  and,  finally,  during  con- 
valescence and  after  apparent  recovery,  the  cysts,  although  in  prac- 
tically all  cases  that  received  energetic  medication,  the  small  genera- 
tion and  cysts  did  not  appear. 

The  detection  of  crysts  in  convalescent  and  recovered  cases  is 
most  important,  for  it  is  the  cyst  and  not  the  trophozoite  which  is 
the  infecting  agent  and  makes  the  host  of  the  former  a  "  carrier." 
The  identification  of  tetragena  cysts  is  usually  easy  in  stained  prepa- 
rations, and  should  present  no  difficulties  in  fresh  films,  yet  the  cysts 
are  so  small  (12  to  15  microns  in  diameter)  that  they  have  fre- 
quently been  mistaken  for  monad  or  coli  cysts,  or  fat  droplets,  or 
possibly  mononuclear  leukocytes.  When  in  doubt,  and  when  the 
number  of  cysts  was  too  small  to  risk  loss  by  fixation  and  staining, 
I  have  vaselined  the  preparation,  or  kept  it  in  a  moist  chamber;  and, 
if  the  cyst  was  homogeneous  at  first,  after  one  or  two  days,  one,  two, 
or  four  nuclei  became  distinctly  visible.  Tetragena  cysts  are  more 
commonly  detected  in  neglected  cases  which  have  partly  recovered 
from  entamoebic  dysentery  who  may  have  diarrhoea  or  whose  stools 
are  solid;  and  I  have  found  cysts  in  a  case  that  had  been  insuffi- 
ciently treated  by  means  of  rectal  injections.  It  would  seem  that 
if  a  case  of  dysentery  is  treated  early  and  energetically,  the  tropho- 
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zoites  are  at  once  driven  from  the  field,  leaving  none  to  develop  into 
the  drug-resistant  small  generation  from  which  the  cysts  arise.  This 
it  will  be  seen  is  analogous  to  the  rational  treatment  of  malaria,  in 
which  the  asexual  generation  is  destroyed  at  once  by  large  doses  of 
quinine,  thus  destroying  all  the  forms  from  which  the  gametes  arise. 

In  acute  or  new  infections,  or  in  very  active  lesions,  many  of  the 
trophozoites  are  of  large  size — 30  to  60  microns  in  diameter.  As  the 
strain  grows  older,  it  often  becomes  reduced  in  size,  the  trophozoites 
measuring  from  12  to  24  microns  in  diameter.  These  forms  fre- 
quently contain  coarse  blocks  of  chromidia,  and  they  constitute  the 
"  small  generation."  During  convalescence,  and  after  apparent 
recovery,  there  appear  small  trophozoites,  12  to  15  microns  in  diam- 
eter,  and  associated  with  them  are  cysts  and  four  nucleated  schizonts. 
If  relapse  occurs  with  symptoms  of  colitis,  large  trophozoites  make 
their  appearance  again,  and  the  cysts  will  have  disappeared.  Thus, 
during  the  progress  of  a  case  of  tetragena  dysentery,  one  will  see  at 
first  large  trophozoites,  many  or  all  of  them  having  the  characters 
described  for  E.  histolytica  by  Schaudinn  and  Craig,  and  one  will 
see  later,  if  the  case  has  been  a  neglected  one,  the  small  generation 
with  cysts,  of  which  there  is  no  better  description  extant  than  that 
in  Elmassian's  paper  on  this  form,  which  he  has  called  E.  minuta. 

If  there  is  a  sufficient  number  of  cysts,  they  may  be  fed  by  mouth 
to  young  cats,  and  it  may  be  possible  to  recover  from  their  bowel 
lesions  trophozoites  having  not  only  the  characters  of  E.  tetragena, 
but  of  E.  histolytica  and  E.  nipponica  as  well.  Or,  if  in  any 
given  case  of  tetragena  dysentery,  in  which  the  trophozoites  are  of 
the  histolytica  type,  they  be  injected  rectally  into  a  young  cat,  and 
the  strain  carried  on  by  subsequent  rectal  inoculation  into  other  cats 
at  the  time  the  infected  animal  dies,  so  as  to  prolong  the  vegetative 
phase  of  division,  then  it  will  be  seen  that  the  histolytica -like  tropho- 
zoites become  reduced  in  size,  filled  with  chromidia,  and,  at  the 
fourth  or  fifth  remove,  it  is  possible  to  find  uninucleated  tetragena 
cysts.  The  nucleus  of  the  trophozoite  meanwhile  has  taken  on  a 
typical  tetragena  appearance  with  a  prominent  karyosome.  It  is 
now  impossible  to  infect  other  cats  per  rectum  with  this  material.  If 
we  make  dry-fixed  Romanowsky-stained  smears  of  material  con- 
taining these  typical  tetragena  trophozoites,  they  will  occasionally 
present  the  morphological  peculiarities  of  E.  histolytica  described 
by  Craig,  and  we  are  thus  able  to  correlate  most  of  the  observations 
of  Schaudinn,  Craig,  Elmassian,  and  Koidzumi,  and  state  that  there 
is  almost  certainly  but  one  pathogenic  entamoeba,  and  that  one  is 
E.  tetragena. 

1  Since  reading  the  paper  (December  9),  I  have  provoked  entamoebic  colitis 
in  a  kitten  fed  with  tetragemi  cysts  that  had  been  in  the  moist  chamber  54 
hours. 
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DISCUSSION. 

Prof.  Creighton  Wellman.  New  Orleans :  I  may  add  to  the  refer- 
ence to  my  animal  experiments  made  in  Capt.  Craig's  paper  that  since 
the  data  sent  him  I  have  made  a  few  more  feeding  and  rectal  injec- 
tion experiments  in  kittens,  using  both  what  we  regard  as  ooli  and 
histolytica.  The  protocols  of  these  run  about  as  those  sent  him,  no 
lesions  resulting  from  coli  and  frequently  following  histolytica  infec- 
tions. Perhaps  I  ought 'to  add  that  the  animals  employed  were  care- 
fully and  repeatedly  examined  for  some  time  before  the  experiments 
were  begun. 

Capt.  Charles  F.  Craig,  Medical  Corps,  United  States  Army:  I 
have  been  much  interested  in  the  valuable  paper  of  Dr.  Darling 
regarding  the  species  of  entamoeba  producing  dysentery  in  Panama. 
Dr.  Darling  believes,  from  his  observations,  that  Entamoeba  tetra- 
gena  is  the  only  pathogenic  amoebae  present  there,  but  I  have  found 
what  I  believe  to  be  Entamoeba  histolytica,  as  well  as  Entamoeba 
tetragena,  in  properly  stained  preparations  sent  me  by  Dr.  James  for 
my  opinion.  As  I  have  stated  in  my  paper,  until  it  can  be  shown 
that  the  peculiar  method  of  reproduction  described  by  Schaudinn 
as  budding  or  gemmation,  and  afterward  confirmed  by  myself  in 
both  living  and  stained  entamoeba,  occurs  in  Entamoeba  tetra- 
gena  as  well  as  Entamoeba  histolytica,  I  must  consider  the  two  as 
distinct  species,  despite  the  fact  that  at  certain  stages  of  development 
the  nuclear  structure  of  tetragena  resembles  that  of  histolytica. 
Though  there  is  a  resemblance,  I  will  say  that  I  have  seen  Dr.  Dar- 
ling's preparations,  and  even  in  those  entamoeba  presenting  the 
histolytica  type  of  nucleus,  the  centriole  is  much  larger  and  the 
nuclear  membrane  much  thicker  than  in  the  true  histolytica.  As 
regards  the  spores  described  by  Schaudinn  and  myself  and  others 
being  artefacts,  I  would  say  that  I  am  sure  that  such  a  mistake  could 
not  be  made,  especially  when  we  both  observed  the  process  in  the 
living  parasite.  I  am  quite  sure  that  I  know  artefacts  when  I  see 
them,  and  I  am  still  more  sure  that  Schaudinn  did.  This  supposi- 
tion proves,  to  my  mind,  that  Dr.  Darling  has  not  handled  histo- 
lytica, or,  if  so,  has  failed  to  recognize  the  species,  for  no  one 
could  mistake  the  histolytica  spores  for  artefacts.  They  are  small, 
oval  bodies,  measuring  on  the  average  about  4  microns  in  diameter, 
somewhat  bile  stained,  and  having  a  single  or  double  contoured  mem- 
brane, and  they  may  be  very  easily  overlooked  by  one  who  has  not 
once  had  then  pointed  out.  They  show  no  structure  on  staining 
because  of  the  deepness  of  the  staining  and  the  impossibility  of 
extracting  the  stain. 
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Specimens  of  both  histolytica  and  tetragena  frequently  occur  in 
the  same  case,  and  this  does  not  appear  to  be  considered  by  Dr.  Dar- 
ling in  his  paper.  I  have  repeatedly  seen  mixed  infections  with 
these  two  species,  as  well  as  single  infections. 

The  process  of  cyst  formation  in  Entamoeba  tetragena  is  distinc- 
tive, four  nucleated  cysts  being  produced,  but  such  cysts  never  occur 
in  the  developmental  cycle  of  histolytica.  I  have  followed  scores  of 
cases  of  pure  histolytica  infection  through  every  stage  of  the  disease, 
from  the  acute  attack  until  recovery  appeared  complete,  and  through 
several  relapses,  and  have  never  observed  a  single  tetragena  cyst, 
the  only  forms  being  the  minute  spores  which  are  found  during  heal- 
ing and  apparent  recovery.  Dr.  Darling  states  that  in  his  cases 
showing  amoebae  having  the  histolytica  type  of  nucleus  cysts  are 
observed  when  the  patient  improves.  In  this  case  he  may  have  been 
handling  a  mixed  infection  with  histolytica  and  tetragena,  or  the 
amoebae  were  all  tetragena,  some  of  them  showing  a  nucleus  resem- 
bling histolytica,  but  which,  as  I  have  already  said,  is  not  identical 
with  the  true  histolytica  nucleus.  In  addition,  Dr.  James,  one  of 
Dr.  Darling's  colleagues  on  the  Isthmus,  in  a  letter  received  by  me 
only  a  day  or  two  ago,  states  positively  that  the  infections  he  regards 
as  being  due  to  histolytica  do  not  show  four  nucleated  cysts  at  any 
time  in  their  course,  and  that  in  addition  the  clinical  symptoms  of 
histolytica  infections  are  different  from  those  of  tetragen  infections. 

As  regards  the  examination  of  entamoeba  by  natural  and  artificial 
light,  I  would  say  that  I  am  familiar  with  the  appearance  of  the 
organisms  under  both  methods  of  illumination,  but  daylight  is  cer- 
tainly preferable  in  work  with  these  parasites,  provided  the  light 
comes  from  the  north.  The  nucleus  of  histolytica  very  frequently 
is  invisible  in  the  living  parasite,  no  matter  what  method  of  illu- 
mination is  used. 

In  his  paper  Dr.  Darling  states  that  he  was  not  able  to  produce  the 
typical  lesions  of  dysentery  in  the  colon  of  kittens  with  Entamoeba 
tetragena,  but  instead  a  severe  enteritis,  the  condition  being  most 
marked  in  the  ileum.  This  is  a  totally  different  result  than  is 
obtained  with  experimental  infections  with  Entamoeba  histolytica, 
in  which  the  lesions  are  typical  and  almost  always  confined  to  the 
large  intestine,  very  seldom  being  marked  much  above  the  ileo-caecal 
valve.  These  observations  of  Darling  would  apparently  show  that 
the  lesions  in  cats  produced  by  tetragena  differ  very  markedly  from 
those  produced  by  histolytica. 

The  presence  of  four  nuclei  in  the  vegetative  stage  of  tetragena, 
noted  by  Dr.  Darling,  is  most  interesting,  as  the  process  of  schizogony 
has  not  been  definitely  proved  in  this  species,  and  these  observations 
would  appear  to  prove  that  it  occurs. 
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Dr.  Darling's  remarks  concerning  the  morphological  differences  in 
entamoebae,  caused  by  dry  and  wet  fixation  and  by  different  methods 
of  staining,  are  important,  but,  I  think,  fully  recognized  by  all  who 
have  worked  for  any  length  of  time  with  these  parasites. 

I  agree  with  Prof.  Stiles  in  what  he  says  regarding  the  transmission 
of  entamoeba  by  water.  I  do  not  believe  that  these  parasites  are  thus 
transmitted  to  any  great  extent.  I  see  no  theoretical  objection  to 
Dr.  Stiles's  theory  of  the  transmission  of  the  spores  and  cysts  by  the 
fly;  but  I  do  not  think  that  this  insect  is  responsible  in  the  Philippine 
Islands,  for  the  fly  is  a  rare  insect  there,  as  everyone  knows  who  has 
traveled  through  the  country.  I  am  inclined  to  believe  that  contact 
infection  and  dust  infection  are  greater  sources  of  the  disease  than 
fly  transmission,  at  least  in  the  Philippines. 

Dr.  Samuel  T.  Darling:  It  is  possible  that  my  observations  on 
the  morphology  of  E.  tetragena,  and  the  observations  recorded  by 
Dr.  Craig  on  the  developmental  phase  of  E.  histolytica,  in  which 
spore  formation  by  budding  is  described  may  be  harmonized.  The 
nonencysted  forms  of  E.  tetragena,  showing  four  nuclei  and  division 
of  the  nucleus  into  four  daughter  nuclei,  as  Dr.  Craig  has  suggested 
to  me,  may  be  identical  with  the  forms  noted  by  Dr.  Craig  in  E.  his- 
tolytica, i.  e.,  the  nuclei  in  the  four  nucleated  naked  forms  may  be- 
come pinched  off  to  form  new  individuals.  Unfortunately,  at  this 
time  no  observations  tending  to  confirm  this  view  have  been  made. 
There  is  something  very  characteristic  about  the  pathological  fea- 
tures of  infection  by  E.  tetragena,  and  I  believe  that,  if  there  is  more 
than  one  pathogenic  entamoeba,  we  should  expect  to  find  more  than 
one  type  of  lesion.  This  does  not  seem  to  be  the  case,  for  the  lesions 
caused  by  E.  tetragena  are  unique  and  unvarying,  and  they  are 
exactly  like  the  lesions  described  elsewhere  in  the  tropics  as  being 
caused  by  E.  histolytica.  In  my  opinion,  the  pathogenic  entamoeba 
is  one  having  the  essential  characteristics  of  E.  tetragena  with  four 
nucleated  cysts. 

The  statement  by  Dr.  Stiles  that  E.  coli  disappears  from  the  stools 
after  the  administration  of  flowers  of  sulphur  interests  me  a  great 
deal.  As  some  of  you  may  know,  the  mode  of  treatment  for  enta- 
moebic  dysentery  at  Ancon  Hospital  is  the  administration  of  large 
doses  of  bismuth.  Stools  from  cases  treated  in  this  way  by  means  of 
bismuth  contain  from  10  to  12  per  cent  by  weight  of  bismuth  sub- 
nitrate.  The  stools  are  frequently  quite  black,  and,  upon  microscopic 
examination,  I  found  the  color  to  be  due  partly  to  a  deposit  of  black 
bismuth  sulphide  on  the  surfaces  of  the  white  bismuth  subnitrate 
crystals,  and  in  part  to  the  staining  of  microcococci  and  bacteria, 
for  they  had  assimilated  the  bismuth  salts  into  their  substance,  and 
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this  had  become  changed  into  black  bismuth  sulphide.  The  stools 
were  usually  free  from  fetid  odor  and  from  odors  suggestive  of 
hydrogen  sulphide.  At  the  same  time,  I  confirmed  the  observation 
that  trophozoites  of  E.  tetragena  usually  disappear  from  faeces 
within  two  or  three  days  after  the  administration  of  large  doses  of 
bismuth  subnitrate.  It  would  thus  appear  that  while,  according  to 
Dr.  Stiles's  observations,  E.  coli  is  removed  by  administration  of 
sulphur,  E.  tetragena  disappears  coincidently  with  the  abstraction 
and  locking  up  of  sulphur  in  the  bacteria  and  intestinal  content  by 
the  bismuth  subnitrate. 


THURSDAY  AFTERNOON,  SEPTEMBER  26,  1912. 

LIST  OF  PARASITIC  AMCEB-ffi,   ARRANGED  ALPHABETICALLY. 

By  Howard  Ceawley,  Assist.   Zoologist,   United   States  Department  of  Agri- 
culture, Washington,  D.  C. 

The  following  list,  which  is  believed  to  contain  all  the  names  which 
have  been  applied  to  parasitic  amoebae,  is  arranged  alphabetically  so 
far  as  the  specific  names  are  concerned.  Under  each  species  name  is 
placed  the  one  or  more  generic  names  with  which  the  species  name 
has  been  combined.  With  one  exception,  these  combinations  refer 
to  the  same  organism;  thus,  histolytica  has  been  combined  with  five 
different  generic  names,  but  each  one  of  these  five  combinations  re- 
fers to  the  same  organism.  The  exception  is  the  species  intestinalis. 
Walker  uses  the  name  Ameba  intestinalis  (which  Doflein  puts  into 
the  genus  Entamoeba),  but  states  it  is  not  the  same  form  as  that 
named  Amoeba  intestinalis  by  Blanchard. 

It  has  not  been  considered  advisable  to  attempt  a  determination 
of  the  status  of  these  various  forms  according  to  the  International 
Code. 

The  titles  and  places  of  publication  of  the  references  given  will  be 
found  in  the  paper  by  Dr.  Albert  Hassall,  entitled  "  Bibliography  of 
parasitic  amoebae." 

africana 

Amoeba  Brumpt,  1910,  p.  32. 

Entamoeba  Hartmann  in  Hartmann  &  Prowazek,  1907,  p.  312  footnote. 
apis 

Entamoeba  Fantham  &  Porter,  1911,  p.  626. 
arborescens 

Amoeba  Celli  &  Fiocca,  1894  b,  p.  439. 
aulastomi 

Entamoeba  Noller,  1912,  p,  195. 
blattae 

Amoeba  Biitschli,  1878  a,  pp.  273-277. 

Endamoeba  Leidy,  1879  a,  p.  300;  1879  k,  p.  205. 
•  Entamoeba  Doflein,  1909,  p.  499. 
blattarum 

Amoeba  Calandruccio,  1890  a,  p.  99. 

Entamoeba  Casagrandi  &  Barbagallo.  1S97.  p.  163. 
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blochmanni 

Amoeba  Doflein,  1901  a,  pp.  17-18. 
bo  vis 

Amoeba  Liebetanz,  1905  a,  p.  314. 

Entamoeba  Doflein,  1909,  p.  499. 
braziliensis 

Loeschia  Chatton,  1912,  p.  182. 
?  de  Beaurepaire  Aragao,  1912. 

buccalis 

Amoeba  Steinberg,  1862  a. 

Entamoeba  Prowazek,  1904,  p.  42. 
buetschlii 

Entamoeba  Prowazek,  1912,  p.  245. 
chaetognathi 

Amoeba  Grassi,  1882  a,  pp.  185-187. 
chironomi 

Amoeba  Porter,  1909,  pp.  32-41. 
ciliaria 

Amoeba  Graham,  1899  a,  p.  477  (eiliata,  p.  515,  ciliaria  renamed). 
cobayae 

Ameba  Walker,  1908,  pp.  429,  442  (spelled  copayae,  p.  429). 
cbchinchinensis 

Entamoeba  Sluiter  &  Swellengrebel,  1912,  pp.  23,  24. 
coli 

Amoeba  Loesch,  1875  a,  p.  210. 

Entamoeba  Schubotz,  1905  b,  p.  34. 

Entamoeba  Scbandinn,  1903  a,  p.  564. 

Loeschia  Chatton,  1912,  p.  181. 
coli  communis 

Amoeba  Kruse,  1896  a,  p.  613. 
coli  dysenteriae 

Amoeba  Doflein  &  von  Prowazek,  1903,  p.  918. 
coli  dysenterica 

Amoeba  Jansen,  1898  a,  p.  134. 
coli  dysenterici 

Amoeba  Kruse,  1896  a,  p.  613. 
coli  felis 

Amoeba  Quincke  &  Roos,  1893  a,  p-  1093. 
coli  hommis 

Amoeba  Kuenen,  1909,  p.  564. 
coli  incapsulata 

Amoeba  Maggiora,  1891,  p.  725. 
coli  intcstini  vulgaris 

Amoeba  Fenoglio,  1904.  p.  252. 
coli  mitis 

Amoeba  Quincke  &  Roos,  1893  a,  p.  1093. 
coli  nipponica 

Entamoeba  Walker,  1911,  p.  279. 
coli  vulgaris 

Amoeba  Ziegler,  1895  a,  p.  717. 
croupogena 

Amoeba  Rivolta  &  Delprato,  1881a 
crupogcna 

Ameba  Perroncito,  1882a,  p.  95. 
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currens 

Amoeba  Metcalf,  1910,  pp.  308-310. 
dentalis 

Amoeba  Braun,  1883  a,  p.  11. 

Entamoeba  Froscb,  1909,  p.  191. 
diaphana 

Amoeba  Celli  &  Fiocca,  1894  b,  p.  438. 
dissenterica 

Amoeba  Fenoglio,  1904,  p.  251. 
dysenteriae 

Amoeba  Councilman  &  Lafleur,  1891  a,  p.  405. 

Entamoeba  Craig,  1905,  pp.  245-289. 
dysenterica 

Amoeba  Pfeiffer,  1888  c,  p.  662. 

Entamoeba  Thornburgh,  1908  a,  pp.  55,  56. 
ent  erica 

Ameba  Walker,  1908  a,  pp.  429,  443. 
febris  flavae 

Amoeba  Tbayer,  A.  E.,  1907  a,  p.  49. 
febris  tertianae 

Amoeba  Kruse,  1896  a,  p.  673  (name  credited  to  Golgi). 
fecalis 

Ameba  Walker,  1908  a,  pp.  386,  429. 
felis 

Amoeba  Quincke  &  Roos,  1893  a,  p.  1093. 
foliata 

Amoeba  Casagrandi  &  Barbagallo,  1897  a,  p.  586.     [No  evidence  that  this  is 
a  parasite.] 
gallopavonis 

Ameba  Walker,  1908  a,  pp.  429,  444  (spelled  galloparvonis  on  p.  429). 
gengivalis 

Amoebea  Gros,  1849  a,  p.  555. 
gingivalis 

Amoeba  Braun,  1895  b,  p.  44. 

Entamoeba  Castellani  &  Chalmers,  1910,  p.  214. 
guttula 

Amoeba  Celli  &  Fiocca,  1894  b,  p.  436. 
hartmanni 

Entamoeba  von  Prowazek,  1912,  p.  243. 
histoltiea 

Amoeba  Castellani,  1904,  p.  509. 

Entamoeba  Castellani,  1904,  p.  507. 
histolitica 

Amoeba  Motas,  1906,  p.  682  (error  for  histolytica), 
histolytica 

Amoeba  Broido,  1903,  pp.  827,  828. 

Endamoeba  Hickson,  1909,  pp.  82,  83. 

Entamoeba  Schaudinn,  1903  a,  pp.  564,  570. 

Loeschia  Chatton  &  Lalung-Bonnaire,  1912,  pi.  9,  facing  p.  138. 

Poneramoeba  Luehe,  1909,  p.  421. 
histolytica  dysenteriae 

entamoeba  Hara,  1910,  pp.  340,  367. 
histolytica  tetragina 

Entamoeba  Walker,  1911,  p.  279. 
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ho  minis 

Ameba  Walker,  1908  a,  pp.  429,  444. 

Entamoeba  Casagrandi  &  Barbagallo,  1897,  p.  163. 

Paramoeba  Craig,  1906,  p.  214. 
hystolitica 

Endamoeba  Schubotz,  1905  b,  p.  34. 
hystolytica 

Amoeba  Jelks,  1910,  p.  55. 
incapsulata 

Amoeba  Wesener,  1892  a,  p.  541 
intestinalis 

Amoeba  R.  Blancbard,  1885  g,  p.  15. 
intestinalis 

Ameba  Walker,  1908  a,  pp.  414,  429. 

Entamoeba  Doflein,  1909,  p.  508. 
intestinalis  vulgaris 

Amoeba  Eicbborst,  1901  a,  p.  292. 
intestini  vulgaris 

Amoeba  Quincke  &  Roos,  1893  a,  p.  1093. 
istolitica 

Amoeba  Fenoglio,  1904,  pp.  251,  252. 
iurai 

Endamoeba  Hickson,  1909,  p.  83  (error  for  miurai), 
jelaginia 

Amoeba  von  Mereschowsky,  1878  a,  p.  204 
kartulisi 

Amoeba  Doflein,  1901  a,  p.  30. 

Entamoeba  Doflein,  1909,  p.  506. 
lacertae 

Amoeba  Hartmann  in  Hartniann  &  von  Prowazek,  1907,  p.  314. 

Vahlkampfia  Cbatton,  1912,  p.  112. 
lagopodis 

Amoeba   (Entamoeba)   Fantbam,  1910,  p.  702. 
letullei 

Amoeba  Letulle,  1908,  pp.  256-266. 
Umax 

Amoeba  Pfeiffer,  1891  a,  p.  211. 
lobosa 

Amoeba  Cell!  &  Fiocca,  1894  b,  p.  486. 
lobosa  coli 

Amoeba  Celli  &  Fiocca,  1894,  b,  p.  436. 
lobosa  gruberi 

Amoeba  Wuelker,  1911,  p.  592. 
lobosa  guttula 

Amoeba  Celli  &  Fiocca,  1894  b,  p.  436. 
lobosa  oblonga 

Amoeba  Celli  &  Fiocca,  1894  b,  p.  436  (name  credited  to  Sclimarda). 
lobospinosa 

Amoeba  Craig,  1912,  pp.  1,  25-30. 
loeschi 

Entamoeba  Lesage,  1908,  p.  105 
malariae  (hominis) 

Amoeba  Sakbarov,  1892  a. 
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malariae  fcbris  quartanae 

Amoeba  Kruse,  1896  a,  p.  672  (name  credited  to  Golgl). 
maxillaris 

Entamoeba  Kartulis,  1906,  p.  356. 
meleagridis 

Amoeba  Smith,  1895  a,  pp.  1-38. 

Entamoeba  Doflein,  1909,  p.  508. 
melegridis 

Amoeba  Cole,  1908,  p.  297. 
meliagridis 

Ameba  Walker,  1908  a,  p.  446  (error  for  meleagridis) . 
minuta 

Amoeba  Gedoelst,  1911,  p.  33. 

Entamoeba  Elmassian,  1909,  p.  335. 

Loeschia  Chatton,  1912,  p.  182. 
mitts 

Amoeba  Cramer,  1896  a,  p.  143. 
miurai 

Amoeba  Ijima,  1898  a,  p.  85. 

Endamoeba  Hickson,  1909,  p.  83  (spelled  iurai,  obviously  a  misprint). 

Entamoeba  Castellani  &  Chalmers,  1910,  p.  214. 
mortinatalium 

Amoeba  Gedoelst,  1911,  p.  33. 

Entamoeba  Smith  &  Weidman,  1910,  pp.  285-298. 
morula 

Entamoeba  Raff,  1912,  pp.  340-351. 
mucicola 

Amoeba  Chatton,  1909,  p.  690. 
muris 

Amoeba  Grassi,  1882  a,  pp.  181-182. 

Entamoeba  Hartmann,  1907,  p.  143. 

Proctamoeba  Alexeieff,  1912,  p.  64. 
musculi 

Ameba  Walker,  1908  a,  pp.  429,  447. 
nipponensis 

Entamoeba  Doflein,  1911,  p.  579. 
nipponica 

Amoeba  Gedoelst,  1911,  p.  33. 

Entamoeba  Koidzumi,  1909,  p.  650. 
ntittali 

Entamoeba  Castellani,  1908,  p.  102. 
oblonga 

Amoeba  Celli  &  Fiocca,  1894  b,  p.  436  (name  credited  to  Schmarda). 
ondulans 

Entamoeba  Billet,  1907,  p.  217  (error  for  undulans). 
paedophthora  (variously  spelled). 

Amoeba  Caullery,  1906,  p.  267. 

Entamoeba  Castellani  &  Chalmers,  1910,  p.  215. 

Vahlkampfia  Chatton,  1912,  p.  112. 
parasitica 

Amoeba  Lendenfeld,  1885  a,  pp.  35-38. 
phagocytoides 

Amoeba  Gedoelst,  1911,  p.  32. 

Entamoeba  Gauducheau,  1907,  pp.  486--487. 
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pigmentifera 

Amoeba  Grassi,  1881,  p.  354. 
pithed 

Entamoeba  von  Prowazek,  1912,  p.  246. 
polecki 

Entamoeba  von  Prowazek,  1912,  p.  274. 
pulmonalis 

Amoeba  Artault,  1898,  pp.  275-277. 

Entamoeba  Castellani  &  Chalmers,  1910,  p.  214. 
ranae 

Ameba  Walker,  1908  a,  pp.  429,  447? 

Entamoeba  Hartmann,  1907,  p.  143. 
ranarum 

Amoeba  Grassi,  1879  m,  p.  446. 

Entamoeba  Dobell,  1908,  p.  428. 

Proctamoeba  Alexeieff,  1912,  p.  66. 
ranorum 

Entamoeba  Castellani  &  Chalmers,  1910,  p.  215  (error  for  ranarum). 
reticularis 

Amoeba  Celli  &  Fiocca,  1894  b,  p.  439. 
rotatoria 

Amoeba  Mayer,  1843  a,  p.  11. 
sagittae 

Amoeba  Grassi,  1881,  p.  354. 
salpae 

Proctamoeba  Alexeieff,  1912,  p.  64. 
schaudinni 

Entamoeba  Lesage,  1908,  p.  105. 
spinosa 

Amoeba  Celli  &  Fiocca,  1894  b,  p.  437. 
succinea 

Amoeba  Pfeiffer,  L.,  1891  a,  p.  211. 
testudinis 

Entamoeba  Hartmann,  1909,  p.  209. 
tetragena 

Amoeba  Hartmann,  1908,  p.  126. 

Entamoeba  Viereck,  1907  c,  p.  32. 

Loeschia  Chatton  &  Lalung-Bonnaire,  1912,  pi.  9  facing  p.  138. 

Viereckia  (subgenus)  Chatton  &  Lalung-Bonnaire,  1912,  p.  142. 
tetragina 

Entamoeba  Walker,  1911,  p.  276. 
tetragona 

Entamoeba  Hartmann  in  Hartmann  &  von  Prowazek,  1907,  p.  312  footnote 
(error  for  tetragena). 
tropicalis 

Amoeba  Gedoelst,  1911,  p.  33. 

Entamoeba  Lesage,  1908,  p.  105. 
undulans 

Amoeba  Celli  &  Fiocca,  1894  b,  p.  436  (as  variety  of  Amoeba  lobosa;  not  spe- 
cifically stated  to  be  a  parasite). 
undulans 

Endamoeba  Hickson,  1909,  p.  83. 

Entamoeba  Castellani,  1904,  p.  508. 
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urigcnitalis 

Ameba  Walker,  1908  a,  p.  423  (eror  for  urogenitalis) . 
urogenitalis 

Amoeba  Baelz,  1883  a,  p.  237. 

Entamoeba  Doflein,  1909,  p.  505. 
vaginalis 

Amoeba  R.  Blancliard,  1885  g,  p.  15. 
vermicularis 

Amoeba  Celli  &  Fiocca,  1894  b,  p.  438  (credited  to  Weisse). 
viridis 

Amoeba  Wuelker,  1911,  p.  609. 
vulgaris 

Amoeba  Roos,  1894  c,  p.  391. 
williamsi 

Entamoeba  von  Prowazek,  1911,  p.  349. 
yelaginia 

Amoeba  Broi'do,  1903,  p.  33  (error  for  jelaginia). 

The  several  genera  named  above,  with  their  type  species,  are  given 
in  the  following  list : 

Amoeba  proteus. 

Endamoeba  blattae  Leidy,  1879  a,  p.  300 ;  1879  k,  p.  205. 
Entamoeba  histolytica  Schaudinn,  1903  a,  pp.  564,  570. 
Loeschia  coli  Chatton,  1912,  p.  110. 
Paramoeba  eilhardi  Schaudinn,  1896  b,  p.  31. 
Poneramoeba  histolytica  Luehe,  1909,  p.  421. 
Proctamoeba  synonym  of  Loeschia. 
Vahlkampfia  vahlkampfi  Chatton,  1912,  p.  112. 


DER  KERNAUFBATJ  DEB,  PARASITISCHEN  AMOBEN. 

Dr.  M.  J.   S.  von  Prowazek,   Seemannskrankenhaus  und  Institut  fur  Schiffs- 
und  Tropenkrankheiten,  Hamburg,  Germany. 

Bei  einer  Besprechung  des  Kernaufbaues  der  parasitischen  Amoben 
ist  es  zunachst  notwendig,  den  innerhalb  ziemlich  weiter  Grenzen 
schwankenden  Begriff  des  Parasitismus  dieser  Amoeben  irgendwie 
abzugrenzen. — Fur  eine  derartige  Begriffsabgrenzung  ist  in  erster 
Linie  eine  genaue  Kenntnis  der  gesamten  biologie  der  fraglichen 
Organismen,  die  leider  bis  jetzt  bie  den  Amoben  nur  sehr  liickenhaft 
bekannt  ist,  vorbedingung.  Aus  diesem  letzteren  Grunde  miissen  wir 
eine  kunstliche  Abgrenzung  der  parasitischen  Amoben  vornehmen, 
und  wir  ziehen  in  den  Rahmen  unserer  Betrachtung  nur  solche  For- 
men  ein,  deren  Weiterentwicklung  notwendig  an  einen  Wirt  gebun- 
den  ist  und  die  daher  ausserhalf  eines  Wirtstieres  auf  langere  Zeit  in 
der  freien  Aussenwelt  nicht  leben  konnen  und  aus  diesem  Grunde 
vermutlich  nicht  oder  schwer  ziichtbar  sind.  Auf  Grund  dieser 
Annahme  scheiden  aus  unserer  Betrachung  alle  Amoben  aus,  die 
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gelegentlich  in  den  Korperhohlen  eines  Zwischenwirts  vorkommen 
knonen — es  sind  dies  alle  Amoben  des  Limaxtypus,  wie  z.  B.  Amoeba 
lacertae,  die  Nagler  selbst  als  einen  Saprophyten  auf gef asst  hatte. 

Bei  unserer  Untersuchung  werden  uns  hauptsachlich  Reprasen- 
tanten  der  Gattung  Entamoeba  beschaftigen ;  diese  Formen  sind  bis 
jetzt  gleichfalls  nicht  im  strengen  systematischen  Sinne  definierbar, 
da  wir  ihren  ganzen  Entwicklungszyklus  nicht  kennen  und  die  Frage, 
ob  bei  alien  eine  Autogamie  oder  Heterogamie  bezw.  Paedogamie 
vorkommt,  das  Verhalten  ihrer  Chromidien  u.  a.  m.  definitive  noch 
nicht  erledigt  ist. 

Von  den  parasitischen  Amoben  miissen  wir  ferner  diejenigen  For- 
men ausscheiden,  bei  denen  der  gesamte  Kernaufbau  noch  nicht 
untersucht  bezw.  noch  nicht  beschrieben  worden  ist — denn  Angaben, 
dass  der  Kern  rund  oder  blaschenformig  ist  und  im  Zentrum  einen 
"  Nucleolus  "  oder  ein  "  Karyosom  "  enthalt,  genugen  den  Ansprii- 
chen  moderner  Zytologie  nicht  mehr.     Es  sind  dies  f  olgende  Amoben : 

(1)  Amoeba  bovis  Liebetanz  (hab.  Bos  taurus). 

(2)  Amoebo  cobayae  n.  sp.  E.  L.  Walker  "  Nucleus  circular  in  out- 
line, but  plastic  surrounded  by  a  hyaline  halo,  otherwise  homo- 
geneous." 

(3)  Amoeba  gallopavonis  n.  sp.  E.  L.  Walker  (hab.  Meleagris 
gallopavo) . 

(4)  Amoeba  intestinalis  E.  L.  Walker  (hab.  Equus  caballus,  Sus 
scor fa  domestica,  Felis  domestica,  Meleagris  gallopavo). 

(5)  Amoeba  kartulisi  Doflein  (hab.  Homo  sapiens). 

(6)  Amoeba  urogenitalis  Baelz  (hab.  Homo  sapiens), 

(7)  Entamoeba  phagocytoides  Gauducheau  (hab.  Homo  sapiens), 

(8)  Entamoeba  undulans  Castellani  (hab.  Homo  sapiens). 

(9)  Entamoeba  nutalli  Castellani  (hab.  Macacus  pillatus). 

Die  Kernstruktur  ist  bei  folgenden  Amoben  genauer,  wenn  auch 
nicht  vollstadig  bekannt  geworden : 

A.  Entamoben  mit  typischem  Karyosomkern : 

(1)  Entamoeba  coli  Schaudinn  und  ihre  Varietat  Entamoeba  wil- 
liamsi  Prowazek  (hab.  Homo  sapiens). 

(2)  Entamoeba  buecalis  Prowazek  (hab.  Homo  sapiens). 

(3)  Entamoeba  histolytica  Schaudinn  (hab.  Homo  sapiens). 

(4)  Entamoeba  tetragena  Viereck  (hab.  Homo  sapiens). 

[Falls  die  "  Brutbildung,"  die  Schaudinn  bei  E.  histolytica  be- 
schrieben hatte,  sich  nicht  bestatigen  sollte  und  die  Tetragenacysten 
tatsachlich  in  den  Entwicklungskreis  der  Histolytica  hineingehoren, 
so  muss  der  Name  der  spater  beschriebenen  Ent.  tetragena  zu  Gunsten 
der  Entamoeba  histolytica  verschwinden.  Ausser  den  Angaben 
Schaudinns  ware  jedoch  immer  noch  die  zweite  Mitteilung  Craigs 
sowie  Lesages  fur  die  Selbstandigkeit  der  Histolytica  anzufuhren; 
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ausserdem  aber  der  von  A.  Kuenen  und  Werner  betonte  Umstand, 
dass  es  Amobendysenterien  gibt,  bei  denen  Amoben  ohne  Tetragena- 
cysten  mit  Histolyticatypus  vorkommen.] 

(5)  Entamoeba  minuta  Elmassian,  von  einigen  Autoren  als  selbst- 
standige  Art  angezweifelt  (hab.  Homo  sapiens). 

(6)  Entamoeba  nipponica  Koidzumi  (hab.  Homo  sapiens,  vergl. 
wie  5). 

(7)  Entamoeba  hartmanni  n.  sp.  Prowazek  (hab.  Homo  sapiens, 
Siidsee). 

(8)  Entamoeba  pitheci  Prowazek  (hab.  Orang-utan). 

(9)  Entamoeba  polecki  Prowazek  (hab.  Sus  scorfa,  gelegentlich 
Homo  sapiens). 

(10)  Entamoeba  muris  Grassi  (hab.  Mils). 

((1)  Entamoeba  testudinis  Hartmann   (hab.   Testudo  graeca). 

(12)  Entamoeba  ranarum  Grassi  (hab.  Rana  esculenta). 

(13)  Entamoeba  aulastomi  Noller  (hab.  Aulastomum  gulo). 

B.  Entamoeben  mit  einem  Karyosomkern,  in  dem  neben  dem 
Karyosomkern  noch  Chromatinnukleolen  (Janicki)  vorkommen. 

(14)  Entamoeba  blattae  Biitschli. 

C.  Amoben,  deren  Parasitismus  noch  unklar  ist : 

(1)  Chlamydophrys-Leydenia  gemmipara  (Schaudinn). 

Der  Kern  der  Leydenia  ist  rund,  blaschenformig,  besitzt  einen  mit 
Boraxkarmin,  Thionin,  Brasilin  farbbaren  "  Pseudonukleolus  "  und 
eine  helle,  chromatinfreie,  wabig  gebaute  Kernsaftzone.  Kerndurch- 
messer  ca.  5  [/.,  Kernsaftzone  f-|j.,  Kernteilung  amitotisch,  der 
Pseudonukleolus  schniirt  sich  durch;  Kernknospung  wurde  gleich- 
falls  beschrieben  (hab.  Homo  sapiens)  in  zwei  Fallen  von  Carcinom  v. 
Ley  den  beobachtet.  Nach  einer  spateren  Mitteilung  Schaudinns  ge- 
hort  Leydenia  zu  Chlamydophrys. 

(2)  Paramoeba  hominis  (hab.  Homo  sapiens)  Ch.  F.  Craig  hat 
zuerst  bei  eigenartigen  Diarrhoen  in  Manila  eine  Paramoeba  beschrie- 
ben und  ihre  Entwicklungsgeschichte  beobachtet.  Eine  Schilderung 
der  feineren  Kernstrukturen  steht  noch  aus. 

FORM    DES   KERNES. 

Bei  alien  diesen  Amoben  ist  der  Kern  mehr  oder  weniger  sphaerisch 
rund  oder  rundlich ;  bei  Ent  histolytica  verandert  er  nach  Schaudinn 
unci  Hartmann  gelegentlich  wahrend  des  Lebens  seine  Gestalt  und 
wird  bei  der  Bewegung  passiv  leicht  verzerrt,  exzentrisch  verlagert 
und  zusammengepresst.  Fur  den  Kern  der  Ent.  blattae  nahm 
Schubotz  and,  dass  er  gelegentlich  aktiv  veranderlich  werden  kann. 
Janicki  konnte  sich  von  einer  aktiven  Beweglichkeit  nicht  iiberzeugen 
und  erklarte  mit  Mercier  die  bereits  von  Biitschli  gelegentlich 
beobachteten  "  geschnabelten  "  Kerne  fur  Kernindividuen,  die  eben 
aus  der  Teilung  hervorgegangen  sind. 
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GROSSE   DER    KERNE. 

Der  Dnrchmesser  der  Kerne  schwankt  ausserordentlich.  Junge 
Amoben  von  Ent.  aulastomi  besitzen  Kerne,  deren  Durchmesser  7.5  p 
betragt,  grosse,  erwachsene  Formen  erreichen  einen  Kerndurchmesser 
von  10  \l.  Bei  Ent.  blattae  fand  Schubotz  den  Durchmesser  kugeliger 
Kerne  15-20  \l3  die  obere  Grenze  dlirfte  30  ^  nicht  iiberschreiten. 
Der  Kern  von  Ent.  testudinis  betragt  12.5  oder  11.5  zu  15  jjl.  Der 
Kern  von  Ent.  ranarum  hat  nach  Dobell  einen  Durchmesser  von  4.4  \l. 
Bei  Ent.  hartmanni  kommen  in  ein  und  derselben  Zyste  neben  grossen 
Kernen  auch  kleine  Kerne  vor. 

KERN  STRUKTUREN. 

(1)  Kernmembran. 

Alle  Entamoben  besitzen  wahrscheinlich  eine  Kernmembran.  Bei 
Ent.  coli,  buccalis,  tetragena,  minuta,  nipponica,  hartmanni,  pithed 
und  polechi  kommt  eine  gleichmassig  ausgebildete  Kernmembran 
vor,  bei  Entamoeba  testudinis  ist  der  Kern  gegen  das  Plasma  durch 
eine  deutliche,  doppelkonturierte,  derbe  Kernmembran  abgegrenzt. 
Auffallend  dick  ist  die  Kernmembran  bei  Ent.  blattae  (1-2  \l)  und 
Schubotz  konnte  in  ihr  zwei  Strukturschichten  unterscheiden ;  die 
innere  Schicht  soil  dunner  sein  als  die  aussere.  Von  anderen  Autoren 
werden  die  Angaben,  die  sich  auf  die  Membrandicke  von  1-2  \k 
beziehen,  angezweifelt.  Von  dem  Kern  der  Ent.  histolytica  schreibt 
Hartmann  1909 :  "  Im  Gegensatz  zu  E.  coli  (Schaudinn  1904)  und 
E.  tetragena  (Hartmann  1908)  besitzt  der  Kern  keine  doppelt  kon- 
turierte  achromatische  Membran^  die  bei  den  beiden  anderen  Arten 
ziemlich  derb  ist." 

Awerinzew  (Archiv  fiir  Protistenkunde,  1906,  S.  115)  unterscheidet 
bei  Siisswasserrhizopoden  von  einer  protoplasmatischen  Hulle  des 
Kernes  noch  die  eigentliche  strukturlose  Kernmembran,  vielleicht  ist 
die,  protoplasmatische  Hulle  mit  dem  "  feineren  Saum  von  gleich 
grossen,  stark  lichtbrechenden  Kornchen  "  zu  vergleichen,  die  nach 
Werner  (Handbuch  der  pathogenen  Protozoen,  S.  70)  die  Kernmem- 
bran der  Ent.  coli  zuweilen  umgeben. 

Noller  konnte  bei  Ent.  aulastomi  eine  Kernmembran  nicht  nach- 
weisen. 

(2)   Chromatin   der   Kemsaftzone-Aussenchromatin    {Aussenkem). 

Der  sogenannte  Aussenkem  der  Entamoben  stellt  eine  Hohlkugel 
dar,  in  der  peripher  gegen  die  Kernmembran  iiber  ein  anscheinend 
meist  wabiges  Achromatin  (Kerngeriist,  Linin)  Chromatin  in  Korn- 
chenform  von  verschiedener  Grosse  und  Miichtigkeit  verteilt  ist. 
Diese    Verhaltnisse    sind    bei    Ent.    coli    von    Schaudinn,    Werner, 
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Hartmann  und  Prowazek,  bei  Ent.  tetragena  von  Viereck,  Werner. 
Hartmann  u.  a.,  bei  Ent.  buccalis  von  Prowazek,  Lowenthal,  bei 
Ent.  williamsi,  hartmanni,  pithed,  polecki  von  Prowazek,  bei  Ent. 
aulastomi  von  Noller,  bei  Ent.  muris  sowie  einer  Amobensp.  aus  der 
Mans  von  Wenyon,  bei  Ent.  testvdinis  von  Hartmann  u.  a.  m.  im 
gleichen  Sinne  beschrieben  worden. 

Von  der  Ent.  nipponica  schreibt  Koidzumi:  "The  nuclear  plasm 
does  not  show  either  reticular  or  alveolar  structure.  The  nucleus  is 
very  rich  in  chromatin,  which  is  found  condensed  into  several  clumps 
and  closely  situated  on  the  inner  surface  of  the  nuclear  membrane." 

Komplizierter  ist  der  Kern  der  Ent.  blattae  gebaut;  fassen  wir  die 
von  einander  etwas  differierenden  Beschreibungen  des  Kernaufbaues 
von  Schubotz,  Elmassian,  Mercier  und  Janicki  zusammen,  so  folgt 
auf  die  innere  Schichte  der  Kernmembran  eine  wabig  gebaute  peri- 
phere  Kernzone  (a)  mit  feinem  Chromatin,  die  zentral  einen  hellen, 
kornchenfreien,  wabigen  Innenraum  (b)  einschliesst ;  an  der  Grenze 
zwischen  beiden  liegen  meist  kugelig  2-5  \l  grosse  chromatische  "  Nu- 
cleolen  "  (<?).  In  dem  Innenraum  ist  zuerst  von  Janicki  ein  meist 
in  Vorbereitung  zur  Teilung  befindliches  Karyosom  (Netrum  nach 
Boveri)  nachgewiesen  worden  (d). 

Der  Aussenkern  der  Entamoben  ist  von  dem  Karyosom  vielfach 
durch  eine  helle  Kernsaftzone  getrennt. 

(3)  Karyosom. 

Das  Karyosom  der  Entamoben  ist  ein  wichtiger  und  notwendiger 
Kernbestandteil,  der  morphologisch  aus  Chromatin  und  Plastin  be- 
steht,  wobei  das  erstere  Kernelement  zunachst  in  Kornchenform 
reichlich  in  das  Plastin  eingetragen  ist.  Wie  weit  das  Chromatin  aus 
Plastin  im  Sinne  von  Moroff  u.  a.  entstehen  und  umgekehrt  sich 
wieder  zunickverwandeln  kann,  ist  nach  dem  derzeitigen  Stande  der 
mikroskopischen  Technik  Vent  Sicherhert  nachzuweisen  nicht  mog- 
lich.  Nach  Hartmann  ist  fiir  die  Existenz  eines  echten  Karyosoms 
der  Nachweis  eines  zentralen  Centriols  ("  Centrosom  ")  eine  Notwen- 
digkeit;  fehlt  ein  Centriol,  so  muss  man  die  sonst  morphologisch 
gleichen  Kerngebilde  als  Pseudokaryosome  bezeichnen.  Glaser  (Ar- 
chiv  fiir  Protistenkunde,  25.  Bd.,  1.  Heft,  1912)  vertritt  insofern  einen 
anderen  Stanclpunkt,  als  nach  ihm  das  allgemeine  Vorhandensein  von 
Centriolen  im  Caryosom  aller  Protozoen  nicht  nur  nicht  bewiesen, 
sondern  unwahrscheinlich  ist.  Als  Karyosom  definiert  er  die  "  Binn- 
enkorper,  die  bei  der  Teilung  ganz  oder  zum  Teil  als  Nucleolocentro- 
som  wirken."  Fiir  die  Bezeichnung  des  Karyosoms  ware  also  die 
genaue  Kenntnis  ihrer  Eolle  bei  der  Kernteilung  Vorbedingung.  Als 
Nukleolocentrosomen  oder  in  einem  gewissen  Sinne  als  Netren  (Bo- 
veri) teilen  sich  nun  die  Binnenkorper  bei  Ent.  buccalis  (Prowazek), 
Ent.  tetagena  (Hartmann)   bei  Ent.    Blattae    (Janicki),    bei    einer 
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Amobensp.  aus  der  Maus  (Wenyon)  vielleicht  bei  der  Ent.  muris 
(Wenyon)  und  Ent.  ranarum  (Dobell),  bei  den  iibrigen  Amoben 
scheint  mir  der  Kernteilungsvorgang  noch  nicht  in  diesem  Sinne 
genau  untersucht  worden  zu  sein  und  auch  bei  den  oben  genannten 
Amoben  u  verschwindet "  auf  manchen  gerade  entscheidenden  Stadien 
der  Spindelbildung  das  Karyosom  als  selbstandiges  Kerngebilde,  als 
Nukleocentrosoma  in  der  Gesamtspindel  und  man  kann  sich  von 
seiner  von  der  modernen  Zytologie  betonten  Gesamtkontinuitat  nicht 
iiberzeugen.  Bei  Ent.  coli  und  tetragena  scheinen  auf  der  Hohe  der 
Spindelentwicklung  der  Aussenkern  und  Karyosomkern  sich  ganz 
durchzumischen  und  ihre  Sonderung  aufzugeben,  zumal  auch  die 
Centriolen  nicht  immer  nachweisbar  sind. 

Die  unvollkommene  Kenntnis  der  Kernteilung  kann  uns  also  zu- 
nachst  keine  Direktiven  fur  die  schwierige  Terminologie  der  einzel- 
nen  Kernbestandteile  liefern.  Kehren  wir  zu  der  letzten  Definition 
Hartmanns  zuriick,  so  ist  ein  Centriol  bis  jetzt  sicher  nur  im  Karyo- 
som der  Ent.  tetragena  (Hartmann),  Ent.  coli  (Hartmann),  Ent. 
aulastomi  (Noller)  sowie  Ent.  testudinis  (Hartmann)  nachgewiesen 
worden;  zeitweise  beobachtet  ist  es  bei  Ent.  muris,  Ent.  buccalis,  Ent. 
polecki  sowie  Ent.  blattae,  bei  der  aber  nach  Janicki  zuweilen  sogar 
das  ganze  Karyosom  verschwinden  soil.  Auch  Dobell  betont  im 
Gegensatz  zu  Grassi  (1881)  das  Fehlen  eines  Karyosoms  bei  Ent. 
ranarum.  Glaser  meint,  dass  bei  alien  Entamoben  der  kurz  vor  der 
Teilung  gebildete  Binnenkorper  (Karyosom)  iiberhaupt  aufgelost 
wird.  Bei  alien  Formen,  bei  denen  die  Kontinuitat  eines  Karyosoms 
durchbrochen  ist,  wird  sich  aber  de  facto  eine  Kontinuitat  eines 
kleinen  Kornchens  wie  es  das  Centriol  ist,  kaum  nachweisen  lassen — 
sie  bleibt  nur  ein  theoretisches  Desideratum. 

Bei  Ent.  minuta  konnte  Elmassian  im  Karyosom  kein  Centriol 
nachweisen,  bei  den  iibrigen  Amoben  sind  sonst  auch  keine  Centriolen 
beschrieben  worden. 

Aus  dieser  Zusammenstellung  geht  hervor,  dass  sowohl  die  Defini- 
tion des  Karyosoms  als  des  Centriols  und  die  Lehre  der  Kontinuitat 
leider  noch  strittig  sind  und  dass  nur  eine  weitere  Forschung  ohne 
theoretische  Voreingenommenheit  Klarheit  in  die  verwickelte  Sach- 
lage  bringen  kann.  Vorlaufig  scheint  es  aber  zweckmassig  zu  sein, 
das  zentrale  Plastinchromatingebilde,  das  im  Kern  der  Entamoben 
zumeist  ausgebildet  ist,  als  Karysom  zu  bezeichnen,  ohne  sich  an 
den  Nachweis  der  Centriolen,  der  praktisch  nicht  immer  durch- 
fuhrbar  ist,  zu  klammern. 

ZYKLISCHE  PROZESSE  AM  KARYOSOM. 

Im  Anschluss  an  die  theoretisch  wichtigen  Untersuchungen  iiber  das 
Centrosom  von  Boveri  sowie  an  die  spateren  Untersuchungen  iiber 
den  Blepharoplast  und  das  Karyosom  der  Flagellaten  (1904)  wurdeo 


Von  Prowazek.J       KERNAUFBAU   DER   PARASITISCHEN    AMOBEN.  191 

auch  am  Karyosom  periodisch  einsetzende  Abbauprozesse  beobach- 
tet. In  dem  in  einer  bestimmten  Zeiteinheit  fixierten  mikrosko 
pischen  Bilde  stellen  sie  sich  als  chromatische  Wellen  von  verschie- 
dener  Machtigkeit  und  variablem  Radius  dar,  die  von  einem 
Erregungszentrum  (Karyosom-Centriol)  ausgehen  und  membran- 
warts  fortschreiten.  Zyklische  Vorgange  sind  besonders  bei  Ent. 
tetragena  und  testudinis  von  Hartmann  beobachtet  worden,  zeit- 
weise  kommen  sie  auch  bei  Ent.  coli  (Werner)  vor,  ferner  sind  sie 
bei  Ent.  polecki  geschildert  worden.  Auch  beziiglich  dieser  zy- 
klischen  Prozesse  ist  die  Auffassung  der  verschiedenen  Autoren  nicht 
einheitlich,  so  schreibt  H.  Glaser  (1912)  aEs  ist  zum  mindesten  ver- 
fruht,  im  Auf-  und  Abbau  des  Karyosoms  zyklische  Vorgange  zu 
sehen,  wie  sie  den  Centrosomen  der  Metazoen  eigen  sind.  Sicher 
ist  nur,  dass  bei  den  Entamoben  der  kurz  vor  der  Teilung  gebildete 
Binnenkorper  wieder  aufgelost  wird." 

BEDEUTUNG  DES  KARYOSOMS  FUR  DIE  DIAGNOSE. 

Bis  jetzt  ist  es  ungemein  schwer,  die  einzelnen  vegetativen  Stadien 
der  Entamoben  von  einander  zu  unterscheiden — da  man  aber  zumeist 
nur  vegetative  Stadien  findet,  ware  eine  solche  Unterscheidung  auch 
fur  die  Praxis  wichtig,  die  sich  immer  wieder  mit  der  Frage,  ob 
Ent.  coli,  histolytica  oder  tetragena  vorliegt,  beschiiftigen  muss. 
Im  Anschluss  an  die  Untersuchungen  von  Schaudinn  hat  Hartmann 
sowie  F.  Craig  das  Karyosom  und  seine  Struktur  der  Entamoben  bei 
der  Differentialdiagnose  der  Formen  beriicksichtigt. 

Nach  Hartmann,  Whitmore,  und  Craig  ist  das  Karyosom  der  Ent. 
coli  ahnlich  dem  der  Ent.  tetragena,  die  in  ihrem  Kernaufbau  in 
die  Mitte  zwischen  Ent.  histolytica  und  tetragena  zu  stellen  ist,  nur 
spielen  sich  im  Gegensatz  zu  den  Angaben  von  Werner  nicht  so 
typische  zyklische  Prozesse  an  ihm  ab,  ferner  ist  bie  Ent.  coli  in 
20-30  Prozent  von  alien  Individuen  das  Karyosom  immer  in  Tei- 
lung begriffen.  Bei  Entamoeba  histolytica  ist  ein  kleines  Karyosom 
vorhanden  (Schaudinn,  Hartmann,  Craig),  das  Aussenchromatin 
ordnet  sich  oft  in  Klumpen-  oder  Pigmentform  peripher  an,  die 
doppelt  konturierte  Kernmembran  fehlt  und  der  Kern  liegt  meist 
excentrisch.  Der  grosse  Wert  dieser  Diagnose  ist  aber  von  verschie- 
denen Autoren  angezweifelt  worden,  so  teilweise  von  H.  Werner, 
A.  Kuenen  u.  a.  m. 

KERNTEILUNG. 

Ueber  das  Wesen  der  Kernteilung  der  Entamoben  konnen  wir  uns 
zur  Zeit  keine  abschliessende  Vorstellung  bilden,  da  bei  keiner  Amobe 
alle  Stadien  beobachtet  worden  sind.     Einzelne  Kemteilungsbilder 
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sind  von  Ent.  tetragena,  coli,  williamsi,  buecalis,  minuta,  muris, 
ranarum  und  Ent.  blattae  beschrieben  worden. 

Bei  der  Kernteilung  wird  im  allgemeinen  die  Kemmembran  nicht 
aufgelost  und  innerhalb  dieser  Kernzone  spielt  sich  ein  promitoti- 
scher  Prozess  ab;  bei  Ent.  blattae  kommt  nach  Janicki  neben  einer 
typischen  Amitose  auch  eine  Mitose  (Promitose)  vor.  Bei  Ent. 
buccalis  teilt  sich  das  Karyosom  promitotisch,  wahrend  der  Aussen- 
kern  ebenso  wie  bei  einer  Amobensp.  aus  der  Maus  (Wenyon)  durch- 
schniirt  wird.  Einzelne  Kernteilungsbilder  der  Ent.  muris  und 
ranarum  erinnern  gleichfalls  an  diese  Doppelteilung  eines  Karyo- 
somkernes  (Schachtelkernes).  Bei  Ent.  coli,  tetragena,  williamsi 
u.  a.  verschwindet  auf  einigen  Stadien  die  Trennung  in  Aussenkern 
und  Karyosom  und  es  entsteht  intranuklear  eine  Promitose — eine 
primitive  Spindel,  uber  die  in  Langsreihen  angeordnete  verschieden 
grosse  Chromatinkorner  verteilt  sind.  Beziiglich  der  weiteren  Ein- 
zelheiten  muss  besonders  auf  die  Abbildungen  von  Hartmann,  We- 
nyon {Ent.  muris)  und  Dobell  {Ent.  ranarum)  verwiesen  werden. 

Abweichend  verhalt  sich  die  Kernteilung  von  Ent.  blattae.  Nach 
Janicki  kommt  hier  eine  Amitose  mit  einfacher  Durchschurung  der 
einzelnen  Kernbestandteile  sowie  eine  Mitose  vor.  Bei  der  Mitose 
bildet  sich  das  Karyosom  unter  Drehung  um  ca.  90°  in  eine  Zentral- 
spindel  um,  es  treten  Chromosomen  auf,  die  die  Zahl  6  zu  iibertreffen 
scheinen,  eine  typische  achromatische  Spindel  fehlt,  der  ubrige 
Kernraum  ist  mit  feinen  Kornchen  erfullt.  In  den  Telophasen 
knaueln  sich  die  Chrosomen  auf.  Mercier  schildert  die  Vorgange 
etwas  anders,  es  muss  hier  diesbeziiglich  auf  seine  Abbildungen  ver- 
wiesen werden.    Die  Kernteilung  dauert  ca.  J  Stunde. 

CHROMIDIEN. 

Im  Protoplasma  einiger  Entamoben  kommt  noch  morphologisch 
nicht  differ enziertes  Chromatin  von  unregelmassiger  Form  und 
Anordnung  vor,  das  Schaudinn  im  Anschluss  an  E.  Hertwig  als 
"  Chromidium  "  bezeichnet  hatte.  Nach  den  neuesten  Forschungen 
ist  dessen  Funktion  und  Bedeutung  recht  zweifelhaft  geworden, 
jedenfalls  handelt  es  sich  nicht  um  ein  Idiochromidium  (Geschlechts- 
chromidium,  generatives  Chromidium)  wie  ursprunglich  angenom- 
men  worden  ist.  Wahrend  der  Entwicklung  bussen  die  mor- 
phologisch differenzierten  Amobenkerne  vielleicht  mit  Ausnahme  der 
Entam.  histolytica  nicht  ihre  Umgrenzung  ein  und  zeigen  iiberhaupt 
geringe  Beziehungen  zu  den  Chromidien,  die  in  der  Zyste  auftreten. 
Nach  Hartmann  farben  sich  die  Chromidien  bei  Ent.  tetragena  mit 
Karmin,  Hematoxylin,  Safranin,  Methylenblau,  Methylgriin  und 
weisen  weder  die  Reaktion  des  Volutin  noch  des  Glykogen  auf — "sie 
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stammen  nich  nur  aus  clem  Kern,sondern  nehmen  im  Plasma  an  Grosse 
unci  Zahl  enorm  zu."  Im  Laufe  der  Enzystierung  klumpen  sie  sich  zu 
einem  Chromidalkorper  zusammen.  Ihre  Bedeutung  ist  nicht  voll- 
kommen  klar,  "  wahrscheinlich  handelt  es  sich  um  einen  Reserve- 
stoff,  denn  im  weiteren  Verlauf  der  Cystenbildung  un  der  sich 
anschliessenden  Cystenruhe  werden  diese  Korper  in  der  Regal  ganz 
oder  fast  ganz  aufgebraucht."  Ueber  Chromidien  der  Ent.  coli 
liegen  Beobachtungen  von  Schaudinn,  Werner,  und  Hartmann  vor; 
wie  bei  Ent.  williamsi  werden  die  Chromidien  in  noch  jungen 
Cysten  unter  Stromungserscheinungen  nach  aussen  abgestossen  oder 
vererklumpen  zu  einem  grossen  Chromidialkorper,  der  in  der  Cyste 
"  degeneriert."  Bei  Ent.  williamsi^  bei  der  die  Chromidien  oft  wetz- 
steinformig  und  fast  kristallinisch  aussehzen,  liegen  sie  spiiter  oft 
kappenformig  der  fertigen  Cyste  an.  Werner  lasst  bei  Ent.  coli  auch 
vom  peripheren  Kernchromatin  Chromidien  entstehen.  Bei  Ent. 
hartmanni  kommt  in  der  Cyste  ein  bakteroides,  stabchenformig 
gestaltetes  Chromidium  in  Ein-  bis  Zweizahl  vor.  Bei  Ent.  histoly- 
tica riicktnach  Schaudinn-Hartmann  dasKaryosom  an  die  Kernmem- 
bran  heran  und  gibt  chromatisches  Material  an  das  Plasma  ab,  spater 
erfahren  die  Chromidialbrocken  selbsttiitig  eine  Vermehrung,  worauf 
der  Kern  zusammenschrumpft  "  entweder  ganz  aufgelost  oder  aus 
der  Zelle  eliminiert "  wird.  Auf  diese  Weise  entstehen  die  sog. 
Chromiclialtiere  (Hartmann)  (vergl.  Ent.  buccalis) ;  ahnlich  wie 
Schaudinn  liefert  Craig  (1908)  eine  Schilderung  der  Chromidien- 
Cystenbildung  der  Ent.  histolytica  (vergl.  noc.  1909).  Chromidien 
hat  ferner  W.  Noller  bei  Ent.  aulastromi  beschrieben. 

DEGENERATION    DER    KERNE. 

Yon  fast  alien  Autoren,  die  sich  mit  der  Untersuchung  der  Biologie 
der  Entamoben  beschaftigt  haben,  sind  Kerndegenerationen  be- 
schrieben worclen,  die  einen  sehr  mannigfachen  Verlauf  nehmen 
konnen,  beziiglich  der  Einzelheiten  muss  auf  die  speziellen  Arbeiten 
verwiessen  werden.  Die  Kerndegeneration  der  Ent.  ranarum  hat 
Dobell  zum  Gegenstand  einer  besonderen  Studie  gemacht  und  sie  mit 
der  Depressionslehre  Hertwigs  in  Zusammenhang  gebracht.  Bei  Ent. 
tetragena  unterscheidet  Hartmann  zwei  Haupttypen  von  Degenera- 
tionsformen  (a)  Formen.  bei  denen  sich  das  Chromatin  in  Form  von 
grosseren  Brocken  an  der  Kernmembran  ansammelt,  (b)  Formen- 
reihen,  bei  denen  die  Kernmembran  schwindet  und  nur  noch  ein 
grosses  Karyosom  iibrig  bleibt. 

Ueber  Kerndegenerationen  bei  Ent.  williamsi  hat  Prowazek,  bei 
Ent.  aulastomi  W.  Noller  berichtet,  ferner  sind  diesbeziigliche  Anga- 
ben  in  den  Arbeiten  von  Casagrandi-Barbagallo  sowie  Noc  zu  finden. 
CGG92— vol  2,  pt  1—13 13 
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COMPENDIUM  OP  ALL  AMEBAE,  ARRANGED  ACCORDING  TO  THEIR 
HOSTS,  REGARDLESS  OP  THE  ZOOLOGICAL  STATUS  OF  THE 
SPECIES    OP    AMEBAE. 

By  Albert  Hassall,  Assistant  Zoologist,  United  States  Department  of  Agri 

culture,  Washington,  D.  C. 

Apis  mellifica  : 

apis  Fantham  &  Porter:  Entamoeba. 

AULASTOMUM    GULO  : 

aiClastomi  Noeller :  Entamoeba. 
Bee.     See  Apis  mellifica. 
Blatta  orientalis  : 

Mattae  Buetschli :  Amoeba,  Endamoeba. 

Olattarum  Calandruccio :  Amoeba. 

sp. :  Amoeba. 
Bombinator"  pachypus  : 

currens  Metcalf:  Amoeba   (Entamoeba). 

BOS  TAURUS  : 

bovis  Liebetanz :  Amoeba. 
coli  Loesch :  Amoeba. 
oblonga  Celli  &  Fiocca :  Amoeba. 
Box  boops : 

sp.  Ckatton :  Amoeba. 

BUFO    CINEREUS  I 

currens  Metcalf:  Amoeba   (Entamoeba). 

BUFO    VULGARIS  : 

ranarum  (Grassi)  :  Entamoeba. 
Canis  familiaris  : 

coli  Loesch:  Amoeba,  Endamoeba,  Entamoeba 

fecalis  Walker :  Ameba. 

phagocytoides  Ganducheau  :  Entamoeba. 
Cat.     See  Felis  domestica. 
Cavia  cobaya: 

cobayae  Walker:  Ameba. 

coli  Loesch :  Amoeba. 

fecalis  Walker:  Ameba. 

spinosa  Celli  &  Fiocca :  Amoeba. 
Chieonomus  sp.   (larva)  : 

chironomi  Porter:  Amoeba. 

COLUMBA  DOMESTICA  : 

croupogena  Rivolta  &  Delprato :  Amdba. 
Dog.     See  Canis  familiaris. 
Eideciise.     See  Lacerta. 
Equus  caballus : 

coli  Loesch:  Amoeba. 

feoalia  Walker:  Ameba. 

inte8tinali8  Walker:  Ameba. 

letullei  Neveu-Lemaire :  Amoeba. 
Fills  DOMESTICA : 

coli  Loesch  :  Amoeba. 

coli  fells  Quincke  &  Roos:  Amoeba. 

coli  mitis  Quincke  &  Roos:  Amoeba. 
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Felts  domestica — Continued. 

entcrica  Walker:  Ameba. 

fecalis  Walker:  Ameba. 

intestinalis  Walker :  Ameba. 

intestini  vulgaris  Quincke  &  Roos:  Amoeba. 

Umax  Williams  &  Gurley:  Amoeba. 

tetragena  Viereck:  Entamoeba. 
Flies  : 

Umax  Werner :  Amoeba. 
Frogs  : 

spinosa  Celli  &  Fiocca :  Amoeba. 
Guinea  pig.     See  Cavia  cobaya. 
Homo  sapiens  : 

africana  Hartmann :  Entamoeba. 

buccalis  Steinberg:  Ameba,  Entamoeba. 

buetschlii  von  Prowazek :  Entamoeba. 

cochinchinensis  Sluiter  &  Swellengrebel :  Entamoeba. 

coli  Loesch :  Ameba,   Entamoeba. 

coli  fells  Quincke  &  Roos:  Ameba. 

coli  mitis  Quincke  &  Roos:  Ameba. 

dentalis  Braun :  Ameba. 

diaphana  Celli  &  Fiocca  :  Ameba. 

dysenteriac  Councilman  &  Lafleur :  Amoeba. 
'     dysentcrica  Pfeiffer :  Amoeba. 

febris  flavae  Thayer  :  Amoeba. 

febris  tertianac  Kruse :  Amoeba. 

foliata  Casagrandi  &  Barbagallo :  Amoeba. 

gingivalis  Gros :  Ameba. 

guttula  Celli  &  Fiocca :  Amoeba. 

kartmanni  von  Prowazek :  Entamoeba. 

histolytica  Schaudinn :  Entamoeba. 

hominis  Casagrandi  &  Barbagallo :  Entamoeba. 

hominis  Craig:  Paramoeba. 

hominis  Walker :  Ameba. 

incapsulata  Wesener :  Amoeba. 

intestinalis  Blancbard :  Amoeba. 

intcstini  vulgaris  Quincke  &  Roos:  Amoeba. 

jelaginia  von  Merescbkowsky :  Amoeba. 

kartiilisi  Doflein :  Ameba. 

letullei  Neveu-Lemaire :  Amoeba. 

lobosa  Celli  &  Fiocca  :  Ameba. 

lobosa  var.  coli  Celli  &  Fiocca  :  Ameba. 

lobosa  gruberi  Wuelker :  Amoeba. 

lobosa  guttula  Celli  &  Fiocca  :  Ameba. 

lobosa  oblonga  Celli  &  Fiocca  :  Ameba. 

lobosplnosa  Craig :  Ameba. 

malariae  Laveran :  Amoeba. 

malariac  febris  quartanae  Kruse:  Amoeba. 

minuta  Elmassian :  Amoeba,  Entamoeba. 

miurai  Ijima :  Ameba,  Eudamoeba. 

mortinatalium  Smith  &  Weidman:  Amoeba,  Entamoeba. 

nipponica  Koidzumi :  Amoeba,  Entamoeba. 

phagocytoidcs  Gauducheau  :  Amoeba,  Entamoeba. 
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Homo  sapiens — Continued. 

polecki  von  Prowazek :  Entamoeba. 

pulmonalis  Artault:  Amoeba. 

reticularis  Celli  &  Fiocca :  Ameba. 
sp.  Fantham:  Entamoeba. 

spinosa  Celli  &  Fiocca :  Ameba. 
tetragena  Viereck :  Amoeba,  Entamoeba. 

tropicalis  Lesage :  Amoeba,  Entamoeba. 

undulans  Celli  &  Fiocca :  Amoeba. 

undulans  Castellani :  Entamoeba. 

urogcnitalis  Baelz :  Ameba. 

vaginalis  Blanchard :  Amoeba. 

vermicularis  Celli  &  Fiocca :  Ameba. 

viridis  Wuelker:  Amoeba. 

vulgaris  Roos :  Amoeba. 

williamsi  von  Prowazek:  Entamoeba. 
Horse.     See  Equus  caoallus. 
House  mouse.     See  Mus  musculus. 
Laceeta  : 

lacertae  Hartmann :  Amoeba. 
Lacerta  agilis  : 

lacertae  Hartmann :  Amoeba. 
Lagopus  scoticus  : 

lagopodis  Fantham:  Amoeba  (Entamoeba). 

sp.  Shipley :  Amoeba. 
Lepus  cuniculus.     [See  also  Rabbit.] 

enierica  Walker :  Amoeba. 
Limax  : 

Umax  Pfeiffer:   Amoeba. 
Lymnodynastes  tasmaniensis  : 

morula  Raff:     Entamoeba. 
Macacus  cynomolgus  : 

sp.   Musgrave  &  Clegg:  Amoeba. 
Macacus  philippinensis  : 

sp.  Musgrave  &  Clegg:  Amoeba. 
Macacus  pileatus  : 

nuttalli  Castellani :  Entamoeba. 
Macacus  sinicus  : 

sp.  Chatton :  Loeschia. 
Meleagris  gallopavo  : 

enierica  Walker:  Ameba. 

gallopavonis  Walker:   Ameba. 

intestinalis   Walker :   Ameba. 

melcagridis  Smith  :  Amoeba. 
Molge  palmata  : 

ranarum   (Grassi)  :   Entamoeba. 
Monkey : 

lobospinosa  Craig:  Ameba. 

sp.   Fantham:   Entamoeba. 

tetragena  Viereck :  Entamoeba. 

MUS   DECUMANU8  \ 

enierica  Walker:  Ameba. 
spinosa  Celli  &  Fiocca :  Amoeba. 
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Mrs  musculus  : 

ent erica  Walker:  Ameba. 

fecaUs  Walker:  Ameba. 

muris  Grassi :  Amoeba,   Entamoeba. 

musculi  Walker:  Ameba. 
Mus  rattus  : 

muris  Grassi :  Amoeba. 

"Amibes"   Stiles  &  Hassall. 
Mus  spp. : 

muris  Grassi :   Amoeba. 

NlCOKIA   TRIJUGA  I 

testudinis  Hartmann :   Entamoeba. 
Ovis  aries  : 

parasitica  Lendenfeld :  Amoeba. 

sp.  Blanc :  Amoeba. 
Peltogaster  curvatus  :  I 

pacdophthora  Caullery :  Amoeba. 
Peri  planet  a  orientalis  : 

blattae  Buetschli :   Amoeba,   Entamoeba. 
Pig.     See  Sus  scrofa. 
Pigeon.     See  Columba  domestica. 

PlTHECUS    SATYRUS  I 

pithed  von  Prowazek  :  Entamoeba. 
Rabbit.     [See  also  Lepus  cunicuhis.'] 

fecalis  Walker :  Ameba. 
Rana  esculenta  : 

currens  Metcalf:  Amoeba    (Entamoeba). 

ranarum  Grassi :  Amoeba,  Entamoeba. 

spinosa  Celli  &  Fiocca :  Amoeba. 
Rana  sp. : 

ranae  Walker:  Ameba. 

rotatoria  Mayer:  Amoeba. 
Rana  temporaria  : 

ranarum  (Grassi)  :  Entamoeba. 
Rat.     See  Mus  decumanus. 
Red  grouse.     See  Lagopus  scoticus. 
Sag itt a  claparedei  : 

chaetognathi  Grassi :  Amoeba. 

pigmentifcra  Grassi :  Amoeba. 

sagittae  Grassi :  Amoeba. 
Sheep.     See  Ovis  aries. 
Spadella  bipunctata  : 

chaetognathi  Grassi:  Amoeba. 

pigmentifera  Grassi :  Amoeba. 

sagittae  Grassi :  Amoeba. 
Spadella  inflata  : 

chaetognathi  Grassi :  Amoeba. 

pigmentifera  Grassi :  Amoeba. 

sagittae  Grassi :  Amoeba. 
Spadella  serratodentata  : 

chaetognathi  Grassi:  Amoeba. 

pigmentifera  Grassi :  Amoeba. 

sagittae  Grassi :  Amoeba. 
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Stylopyga  orientalis  : 

blattae  (Buetschli)  :  Entamoeba. 

SUCCINEA   PFEIFFERI  I 

succinea  Pfeiffer :  Amoeba. 
Sus  scrofa  : 

fecalis  Walker :  Ameba. 

intcstinalis  Walker :  Ameba. 

polecki  von  Prowazek  :  Entamoeba. 

spinosa-  Celli  &  Fiocca  :  Amoeba. 
Symphodus  melops  : 

mucicola  Cbatton :  Amoeba. 
Symphodus  tinca  : 

mucicola  Chatton :  Amoeba. 
Testudo  graeca  : 

testudinis  Hartmann :  Entamoeba. 
Turkey.     See  Mcleagri^  gallopavo. 
White  mouse: 

fecalis  Walker:  Ameba. 
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1905. — V  Entamoeba   Jiominis    (Casagrandi   e   Barbagallo,   1897)    e  V Enta- 
moeba histolytica  (Schaudinn,  1903)  in  rapporto  con  la  cosidetta  dissen- 
teria  amebica  <Rassegna  internaz.  d.  med.  mod.,  Catania,  v.  6  (10),  31 
magglo,  pp.  73-75.     [Win.] 
1905.— Idem  <Policlin.,  Roma,  v.  12  (6),  giugno,  pp.  282-288.     [Wm.] 
1905. — Sulla    pretesa    coltivazione    delle    amebe   parassite    <Rassegna    in- 
ternaz. d.  med.  mod.,  Catania,  v.  6  (19),  15  ott,  pp.  145-146.     [Wm.] 
1906. — Idem   <Gazz.  d.  osp.,  Milano,  v.  27,  1.  semestre   (36),  2  mar.,  pp. 
380-381.     [Wm.] 
Barr,  Richard  A.     [Dr..  Nashville,  Tenn.] 

1909. —  [Discussion  of  Bates,  John  Pel  ham,  1909,  pp.  56-59]  <J.  Tennessee 
State  M.  Ass.,  Nashville,  v.  2  (2),  June,  pp.  62;  63;  64-65.     [Wm.] 
Bartley.  Elias  H.     [M.  D. ;  Prof.,  Chem.  &  Toxicol.,  Long  Island  Coll.  Hosp.] 
1898.— The  feces  [Amcba  coli]  <Text-book  Med.  &  Pharm.  Chem.  (Bartley), 
Phila.,  5.  ed.,  pp.  606-610.     [Wm.] 
Basseres,  F.     [Med.-maj.  de  lre  cl.  &  l'h6p.  mil.,  Perpignan.] 

1911. — Abc&s    amibien    du    foie    et    phagedenisme    cutane    amibien    post- 
operatoire;   association  staphylococcique  secondaire   <Arch.  de  med.  et 
de  pharm.  mil.,  Par.,  v.  57  (4),  avril,  pp.  256-272,  figs.  1-2.     [Wm.] 
Bassett-Smith,  P.  W.     [Staff-Surgeon,  R.  N.] 

1900  a. — Abscess  of  the  left  lobe  of  the  liver,  with  particular  reference  to 
its  amoebic  causation  <Brit.  M.  J.,  Lond.  (2070).  v.  2,  Sept.  1,  pp. 
552-553.     [Wa,  Wm.] 

1901  a.— Idem  <J.  Trop.  M.,  Lond.,  v.  4  [  (2)  ].  Jan.  15,  pp.  33-34.     [Wm.] 
Bates,   John   Pelham.      [M.   D. ;   Lecturer,   Trop.   Dis.,   Med.   Dept,   Vanderbilt 

Univ.,  Nashville,  Tenn.] 
1909. — Amebic  dysentery  and  appendicostomy.     [Author's  abstract  of  pape: 

read  before  26.  Ann.  Meet.  Tennessee  State  Med.  Ass.,  Nashville,  Apr. 

13-15]   <J.  Am.  M.  Ass.,  Chicago,  v.  52  (18),  May  1,  pp.  1449-1450;  dis- 
cussion, p.  1450      [Wa,  Wm,  We.] 
1909. — Amebic  dysentery  and  appendicostomy  <J.  Tennessee  State  M.  Ass.. 

Nashville,  v.  2  (2),  June,  pp.  56-59;  discussion,  pp.  60-65.     [Wm.] 
de  Beaurepaire  Aragao,  LI.     [Dr.] 

1909. — Sobre  a  Amoeba  diplomitotica  n.  sp.     Contribuigao  para  o  estudo  da 

divizao   nuclear   nas   amebas    <Mem.   Inst.   Oswaldo   Cruz.   Rio   de   Ja- 

neiro-Manguinhos,  v.  1  (1),  abril,  pp.  33-43,  pi.  2,  figs.  1-22.     [Wa.] 
(1912). — [Entamoeba  brasiliensis]    <Brazil  med.,  Rio  de  Jan.,  v.  26   (7), 

15  feb. 
Behla,  Robert.     [Sanitatsrath.] 

1S98  b. — Die  Amoben  insbesondere  vom  parasitiiren  und  culturellen  Stand- 

punkt.     vi+73  pp.,  1  pi.     8°.     Berlin.     [Paba.] 
Beijerinck,  M.  W.     [Delft] 

1896  a. — Kulturversuche  mit  Amoben  auf  festem  Substrate  <Centralbl.  f. 

Bakteriol.  [etc.],  Jena,  1.  Abt,  v.  19  (8),  28.  Feb.,  pp.  257-267,  pi.  7,  figs.- 

1-12.     [MS.  dated  25.  Dec.  1895.]      [Wa,  Wm.] 
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Beijerinck,  M.  W. — Continued. 

1S97  a. — Amobenkultur  auf  festen  Substraten.  Antwort  an  Herrn  Celli. 
[See  Celli,  Angelo;  &  Fiocca,  R.,  1895  a]  <Ibidem,  v.  21  (3),  30.  Jan., 
pp.  101-102.     [MS.  dated  6.  Jan.]      [Wa.] 

Bell,  John.     [L.  R.  C.  P.  Lond. ;   M.  R.  C.   S.  Eng. ;   Supt,  Govt.  Civil  Hosp., 
Hong  Kong.] 
1909. — A  new  parasite  seen  in  a  case  of  dysentery  <Lancet,  Lond.   (4455), 
v.  176,  v.  1  (3).  Jan.  16,  p.  161,  figs.  1-4.     [Wa,  Win.] 
Bensen,  W.     [Dr.,  Marinestabsarzt] 

1908. — Die  Darinprotozoen  des  Menschen.  [Read  before  Naturf.  Versaminl. 
zu  Koln]  <Arch.  f.  Schiffs-  u.  Tropen-Hyg.,  Leipz.,  v.  12  (20),  Oct., 
pp.  661-676,  figs.  1-7.     [Win.] 

Benidt,  Fritz  [?  Frieclrich  Wilhelm  August].     [Dr.,  Stralsund.] 

19,04    a. — Protozoen    in    einem   Leberabscess.     [Read   before   Aerztever.   d. 
Reg.-Bezirks    Stralsund,    12.    Nov.    1893]     <  Deutsche    Ztsehr.    f.    Chir., 
Leipz.,  v.  40  (1-2),  20.  Dec.,  pp.  163-172,  figs.  1-2.     [Wm.] 
Berry,  T.  D.     [Dr.] 

1903.— [Discussion   of  Young,   G.   B.,   1903,   pp.   241-248]     <Ain.   Pract.   & 
News,  Louisville,  v.  35   (7-S),  Apr.  1  &  15,  pp.  290-291.     [Wm.] 
Bertarelli,  E.     [Asst,  1st.  d'Ig.,  r.  Univ.,  Torino.] 

1905. — Le    amebe    e    la    dissenteria    amebica    <Riv.    d'ig.    e    san.    pubb., 

Torino,  v.  16  (7),  1°  apr.,  pp.  193-198.     [Wm.] 
1905. — Die  Ainoben   und  die  Amobenrulir   <Wien.   klin.  Rundschau,  v.  19 

(23),  11.  Juni,  pp.  397-399.     [Win.] 
1912. — Amebe    ed    amebiosi    umane    alia    luce    delle    moderne    conoscenze 
<Gazz.  d.  osp.,  Milano,  v.  33   (6),  14  gennaio,  pp.  49-51.     [Wm.] 

Bertrand. 

1911.— [Note  to  Manaud,  A.,  1911,  pp.  322-325]  <Bull.  Soc.  de  path,  exot, 
Par.,  v.  4  (5),  10  mai,  p.  325.     [Wa,  Wm.] 

Beyerinck,  M.  W.     See  Beijerinck,  M.  W. 
Billet,  A.     [Med.-maj.  de  lre  classe.] 

1905. — Eosinophilic  dans  la  dysenterie  amibienne.     [Read  16  mai]  <Compt. 

rend.  Soc.  de  biol.,  Par.,  an.  57,  v.  58   (19),  2  juin,  pp.  874-876.     [Wa, 

Wm,  Wa] 
1907. — Sur  un  cas  de  dysenterie  nostras  a  amibes.     [Read  13  juin]  <Ibidem, 

an.  59,  v.  62,  v.  1  (23),  5  juillet,  pp.  1232-1234.     [Wa,  Wm,  Wa] 
1907. — Sur  un  cas  de  dysenterie  "  nostras  "  a  amibes  <Caducee,  Par.,  v. 

7  (14),  20  juillet,  p.  190.     [Wm.] 
1907. — De  la  dysenterie  &  Trichomonas  <Ibidem    (16),  17  aout,  pp.  215- 

217,  figs.  1-6.     [Wm.] 
Bizzozero,  Giulio.     [Dr.,  Prof,  ord.,  patol.,  r.  Univ.  di  Torino.] 

1882   a. — Manuale   di   microscopia   clinica,   con   aggiunte   risguardanti   gli 

esami  chimici  piu  utili  al  practico  e  l'uso  del  microscopio  nella  medicina 

legale.    2.  ed.  completamente  rifusa  ed  aumentata.    xii+246  pp.,  39  figs., 

7  pis.,  80  figs.    8°.    Milano.     [Wm.] 
1883. — Handbuch   der   klinischen   Mikroskopie.     Mit  Beriicksichtigung  der 

wichtigsten    chemischen    Untersuchungen    am    Krankenbette    und    der 

Verwendung  des  Mikroskopes  in  der  gerichtlichen  Medicin.    Autorisirte 

deutsche   Original-Ausgabe   besorgt    von   Alexander    Lustig   und    Stefan 

Bernheimer.     Mit  einem  Vorwort  von  Hermann  Nothnagel.     xii+251  pp., 

39  figs.,  7  pis.,  80  figs.     8°.     Erlangen.     [Wm.] 
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Bizzozero,  Giullo — Continued. 

1887. — Idem.     Mit  Beriicksiclit  igung  der  Verwendung  des  Mikroskopfl  in  der 
gerichtlichen  Medizln.    2.  vermehrte  und  verbesserte  Aufl.  der  deutschen 
Original-Ausgabe  besorgt   von   Stefan  Bernhelmer.     .Mit  einem   Vorw 
von    Hermann    Nothnagel.     viii+352   pp.,   40   figs.,   8   pis.,   100   figs.   8°. 
Erlangen.     [Win.] 

Blackham,  R.  J.     [Major,  Roy.  Army  Med.  Corps;  D.  P.  H.] 

1906.— Tropical  dysentery  <Lancet,  Lond.  (4344),  v.  171,  v.  2  (22),  Dec.  1, 

pp.  3493-1500,  1  chart,  1  table.     [Wa,  Win.] 
1908. — The   treatment   of  dysentery.     [Read   before   Douglas   Cong.,   July, 

1907]    <J.  Roy.  Inst.  Pub.  Health,  Lond.,  v.  16   (2),  Feb.,  pp.  77-88,  1 

chart.     [Wa.] 
Blanc,  Antoine-Frangois-Louis.  [Chef,  trav.  d'histol.,  Ecole  vet.,  Lyon.] 

1S98  a. — Sur  une  amibe  vivant  accidentellement  dans  le  poumon  du  mouton 

<J.  de  med.  vet.  et  zootech.,  Lyon,  v.  49,  5.  s.,  v.  2,  sept.,  pp.  513-515. 

[Wm,] 
1899  c— Idem  [?]  <Ann.  Soc.  Linn,  de  Lyon  (1898),  n.  s.,  v.  45,  pp.  87-89. 

[Wc] 
Blanchard,  Raphael  Anatole  Einile.     [Prof.,  Ecole  de  med.,  Paris.] 

1885  g. — Traite  d6  zoologie  medicale.     v.  1 :  Protozoaires,  histoire  de  l'oeuf, 

coelenteres,    echinodermes,    vers    (aneuriens,    plathelminthes,    nemathel- 

minthes).    Fa se.  1,  pp.  1-192,  figs.  1-124.    8°.    Paris.     [Published  Nov.  4.] 

[Wa,  Wm.] 
[18S8  1].— Amibe  <Grande  encycl.,  Par.,  v.  2,  pp.  740-741,  figs.  1-7.     [Wc] 
1S90  b. — Los  animales  parasitos  introducidos  por  el  agua  en  el  organismo. 

132  pp.,  50  figs.     8°.     Londres.     [Reprinted  from  Blanchard;  Salzar;  & 

Newman,   C.     Examen  quimico  y  bacteriologico  de  las  aguas  potables. 

Chile.]      [Lib.  Stiles.] 
1890   c. — Les    animaux   parasites   introduits   par   l'eau    dans   l'organisme, 

[Transl.  of  1S90  b,  by  author]    <Rev.  d'hyg.,  Par.,  v.  12   (9),  20  sept., 

pp.  828-870,  figs.  1-27,  2  tables;    (10),  20  oct,  pp.  923-969,  figs.  28^7,  2 

tables.     [Wm.] 
1890  d.— Idem  <Bull.  Soc.  de  med.  pub.,  Par.,  v.  13,  pp.  23S-326,  figs.  1-47, 

tables.     [Wm.] 
1896  b. — Parasites  animaux  <Traite  de  path.  gen.   (Bouchard),  Par.,  v.  2, 

pp.  649-810,  figs.  47-109,  1  table.     [Wm.]      [A  reprint  of  this  was  re- 
ceived by  Dr.  Stiles  in  1S95.     The  title-page  of  v.  2,  however,  bears  date 

of  1896.] 
1904. — Zoologie   et    medecine.     [Read   before   6.    Cong,    internat.    de   zool., 

Berne,  15  aout]  <Arch.  de  parasitol.,  Par.,  v.  9  (1),  ler  dec,  pp.  129-144. 

[Wa,  Wm.] 

Blumer,  George. 

1903.— Report  on  Dr.   R.  W.  A.'s  stools   [see  Ward,   Samuel  B.,  1903  a] 
< Albany  M.  Ann.,  v.  24  (1),  Jan.,  p.  26.     [Wm.] 
Boas. 

1896  a. — Ueber  Amobenenteritis.  [Presented  before  Ver.  f.  inn.  Med.] 
<Deutsche  med.  Wchnschr.,  Leipz.  &  Berl.,  v.  22  (14),  2.  Apr.,  pp. 
214-217,  figs.  1-^.  [Wa,  Wm.] 
Boas,  J[ohan]  E[rik]  V[esti].  [Dr.,  Prof.,  Zool.,  k.  landwirtschaftl.  Hoch- 
schule,  Kopenhagen.] 
1911, — Lehrbuch  der  Zoologie  fur  Studierende.  6.  vermehrte  und  verbes- 
serte  Auflage.     x-f-690  pp.,  618  figs.     8°.     Jena.     [Wa.] 
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Boese.     [Dr.,  Marine-Oberstabsarzt.] 

1908. — Beobacbtungen  und  Erfabrungen  uber  Rubr  in  Ostasien.  <Ztschr.  f. 
Hyg.    u.    Infektionskr.,    Leipz.,    v.    61    (1),   3.    Sept.,    pp.   1^8,   pis.   1-8. 
[Wa,  Win.] 
Boggs,  Thomas  R.     [M.  D.,  Baltimore,  Md.] 

190S. — Amoebic  dysentery  in  tbe  soutbern  states.     [Read  before  Meet.  Tri- 
State  Med.  Ass.,  Cbarlotte,  N.  C,  Feb.  18]    <Virginia  M.  Semi-Month., 
Ricbmond  (289),  v.  13  (1),  Apr.  10,  pp.  9-12.     [Wa,  Wm.] 
Boinet,  E. 

1909. — Abces  dn  foie  dysenterique  nostras.     [Read  29  juin]     <Bull.  Acad, 
de  med.,  Par.,  an  73,  3.  s,  v.  61  (26),  pp.  705-719.     [Wm.] 
de  Bonis,  Teodosio.     [Prof,  agreg.  patol.  gen.,  Univ.  Napoli.] 

1882  a. — Los  parasitos  del  cuerpo  bumano  en  relacion  con  las  alteraciones 
locales  y  generales  del  organismo.  Traducida  del  italiano  y  considerable- 
mente  aumentada  con  notas  y  nn  vocabulario  de  parasitologia  por  Carlos 
Maria  Cortezo.  xiii+311  pp.,  22  figs.,  pi.  1,  13  figs.;  pi.  2,  18  figs.  8°. 
Madrid.  [Wm.] 
Booth,  R.  T.     [M.  B.,  B.  Cb.,  D.  T.  M.  H„  Hankow.] 

1908. — Investigation   of  tbe  cause  of  dysentery.     [Read  before  C.   C.   M. 
Ass.,  Hankow,  Apr.  15]    <Cbina  M.  J.,   Shanghai,  v.  22    (6),  Nov.,  pp. 
339-353.     [Wm.] 
Borchardt. 

1896  a. — De  l'enterite  amibienne  <Semaine  med.,  Par.,  v.  16  (11),  26  few, 
p.  87.     [Wm.] 
Borini,  Agostino.     [Dr.,  r.  Univ.  di  Torino.] 

[1904]. — I  protozoi  parassiti  dell'  intestino  umano  in  rapporto  alia  diag- 
nostica  clinica.     Con  prefazione  del  E.  Perroncito.     40  +  [1]  pp.,  11  figs. 
24°.    Torino.     [Wm.] 
Bory  de  Saint-Vincent,  Jean-Baptiste  George  Marie  Marcellin   (Baron). 

1822  a.— Amibe.     Amiba  <Dict.  class,  d'hist.  nat.,  Par.,  v.  1,  pp.  260-262. 
[Wa.] 
Bose,  Kailas  Ch.     [Calcutta.] 

1908. — Is  dysentery  the  sole  cause  of  the  tropical  liver  abscess?     [Read 
before   76.   Ann.   Meet.    Brit.   Med.   Ass.,    Sheffield,   July]    <Brit.   M.   J., 
Lond.  (2495),  v.  2,  Oct.  24,  pp.  1249-1251.     [Wa,  Wm.] 
Bosso,  G.     [Asst.,  Lab.  parasitol.] 

1895  a. — Sul  ciclo  evolutivo  di  talune  specie  di  amebe.     [Read  7  giugno] 
<Gior.  r.  Accad.  di  med.   di  Torino,   an.  58,  4.   s.,  v.  1    (11),  nov.,  pp. 
650-655.     [Wm.] 
Boston,  L.  Napoleon.     [M.  D.,  Bacteriol.,  Phila.  Hosp.] 

1902a. — Tropical  dysentery  with  abscess  of  liver;  rupture  into  right  lung; 
Amoeba  coli  in  the  sputum;  exhibition  of  case  <Therap.  Gaz.,  Detroit, 
v.  26,  3.  s.,  v.  IS  (4),  Apr.  15,  pp.  220-222.     [Wa,  Wm.] 
Bowman,  M.  H.     [Dr.,  Bureau  Science,  Manila,  P.  I.] 

1901.— Dysentery   in   the  Philippines   <N.   York   M.   J.    (1385),   v.   74    (7), 

Aug.  17,  pp.  300-303.     [MS.  dated  June  20.]      [Wa,  Wm.] 
1901.— Idem  <J.  Trop.  M.,  Lond.,  v.  4,  Dec.  16,  pp.  420-422.     [Wa,  Wm.] 
1910. — Notes  on  Amcbae,  etc.,  at  Bagnio.     [Abstract  of  paper  read  before 
Far    Eastern    Ass.    Trop.    Med.,    Manila,    Mar.    35]    <Med.    Rec,    N.    Y. 
(2002),  v.  77  (20),  May  14,  p.  846;  discussion,  p.  846.     [Wa,  Wm.] 
Bradley,  C.  II.     [M.  D.,  Minneapolis,  Minn.] 

1905.  -Intestinal  amebiasis— a   case  of    <Nortbwest.  Lancet,  Minneapolis, 
v.  25  (13),  July  1,  pp.  241-242.     [Win.  I 
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Bradley,  F.  H.  [Capt]  ;  &  Smith,  F.  [Major]. 

1912. — Dysenteric  ulceration,  without  dysenteric  symptoms,  followed  by 
hepatic  abscess  <J.  Roy.  Army  Med.  Corps,  Lond.,  v.  18  (5),  May,  pp. 
578-579.     [Wa,  Win.] 

Brannan,  John  Winters.     [M.  D.,  Asst.  Path.,  St.  Francis  IIosp.,  New   York.] 
3893. — Observations  on  a  case  of  recurrent  amoebic  dysentery,  with  suc- 
cessive large  hepatic  abscesses  <N.  York  M.  J.   (747),  v.  57   (12),  Mar. 
25,  pp.  317-319.     [Wa,  Wm.] 
Brau.     [Dr.,  Med.-Major,  lre  classe  d.  troupes  colon.] 

1908. — Essai  sur  la  dysenterie  amoebienne  de  Cochinchine  <Ann.  d'hyg.  et 
de  ined.  colon.,  Par.,  v.  11   (4),  oct.-dec.,  pp.  511-547.     [Wm.] 

Braun,  Maximilian  Gustav  Christian  Carl.      [Prof.,  Zool.,   Konigsberg  i.   Pr. ; 

Dr.  med.  et  phil.] 
1883  a. — Die  thierischen  Parasiten  dos  Menschon  nebst  einer  Anleitung  zur 

praktischen  Beschaftigung  mit  der  Helminthologie  fiir  Studierende  und 

Aerzte.    viii  +  233  pp.,  72  figs.    8°.    Wiirzburg.     [Wa.] 
1893   b. — 2.  Bericht   iiber    thierische   Parasiten    <Centralbl.    f.    Bakteriol. 

[etc.],  Jena,  v.  13  (2),  2S.  Jan.,  pp.  59-68.     [Wa,  Wm,  Wc] 
1895    b. — Die    thierischen    Parasiten    des    Menschen.      Ein    Handbuch    fur 

Studirende  und  Aerzte.    2.  Aufl.,  283  pp.,  147  figs.    8°.    Wiirzburg.     [Wa.] 
1903.— Idem.     3.  vermehrte  und  verbesserte  Aufl.     1  p.  1.,   [vii]-xii  +  3G0 

pp.,  272  figs.     8°.     Wiirzburg.     [Wa.] 
1906. — The  animal  parasites  of  man.    A  handbook  for  students  and  medical 

men.    3.  enlarged  and  improved  ed.    Transl.  from  the  German  by  Pauline 

Falcke.     Brought  up  to  date  by  Louis  W.  Sambon  &  Fred.  V.  Theobald. 

1  p.  1.,  [vii]-xix  +  453  pp.,  294  figs.     4°.     London.     [Wa.] 
(1906). — I  parassiti  animali  dell'  uomo.     Trad.  ital.     3.  ed.,  351  pp.,  figs. 

8°.     Milano. 
1908. — Die     tierischen     Parasiten     des     Menschen.       Ein     Handbuch     fur 

Studierende  und  Aerzte.    4.  vermehrte  und  verbesserte  Aufl.    ix— 475  pp., 

335  figs.    Mit  einem  klinisch-therapeutischen  Anhang  bearbeitet  von  Otto 

Seifert.    pp.  [477]-623.    8°.     Wiirzburg.     [Wa.] 

Braun,  Maximilian  Gustav  Christian  Carl;   &  Luehe,   Max[imilian   Friedrich 

Ludwig]. 
1909. — Leitfaden  zur  Untersuchung  der  Tierischen  Parasiten  des  Menschen 

und  der  Haustiere  fiir  Studierende,  Arzte  und  Tierarzte.     vii+186  pp., 

100  figs.     8°.    Wiirzburg.     [Wa.] 
1910. — A  handbook  of  practical  parasitology.    Translated  by  Linda  Forster. 

[viii] +208  pp.,  100  figs.    4°.    London.     [Wa.] 

Brem,  Walter  Y.     [Dr.,  Los  Angeles,  Calif.] 

1912.— [Discussion  of  Musgrave,  William  E.,  1912,  pp.  13-17]   <J.  Am.  M. 

Ass.,  Chicago,  v.  58  (1),  Jan.  6,  pp.  17-18.     [Wa,  Wm,  Wc] 
1912.— [Discussion  of  Smith,  Rea,  1912,  pp.  300-302]   <Calif.  State  J.  M.. 

San  Fran.,  v.  10  (7),  July,  pp.  302^303.     [Wa.] 
Brem,  Walter  V. ;  &  Zeiler,  A.  H.   [M.  D.,  Physician,  Colon  Hosp.,  Cristobal, 

Canal  Zone]. 
1910. — Ipecac  in  the  treatment  of  intestinal  amoebiasis.     [Read  before  Am. 

Soc.  Trop.   Med.,   St.  Louis,  June  11]    <Am.  J.   M.   Sc,   Phila.  &  N.   Y.. 

n.  s.  (464),  v.  140  (5),  Nov.,  pp.  669-683.     [Wm.] 
1911. — The   medical   treatment   of   amebic   dysentery.      [Read   at   8.   Ann. 

Meet.  Am.   Soc.  Trop.  Med.,  New  Orleans,  May  18-19]    <N.  Orl.  M.  & 

S.  J.,  v.  64  (1),  July,  pp.  23-42.     [Wm.] 
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Bristol,  Leveret*  D.     [M.  D.,  Clin.  Asst.,  Med.,  Univ.  Minn.,  St.  Paul.] 

1911. — A  case  of  amebic  dysentery  <St.  Paul  M.  J.,  v.  13   (1),  Jan.,  pp. 
30-32.     [Wa,  Win.] 
Broi'do,  S.     [Mlle.,^vled.  colon.,  Univ.  de  Paris.] 

1903. — Des  agents  pathogenies  de  la  dysenterie  <Arch.  de  ined.  exper.  et 
anat  path.,  Par.,  1.  s.,  v.  15  (6),  nov.,  pp.  820-857.     [Wa.] 
Brooks,  H.     [Dr.] 

1900  a. —  [Amoebic  colitis.]      [Secretary's  abstract  of  report  presented  be- 
fore N.   York  Acad.   Med.,   Feb.   20]    <Med.  News,   N.   Y.    (1418),   v.   76 
(11),  Mar.  17,  p.  433.     [Wa,  Win.] 
Brown.  Alexander  G.  (jr.).     [A.  B.,  M.  D.,  Richmond,  Va.] 

1910. — Amebiosis  without  dysentery.     [Read  by  title  before  Southside  Vir- 
ginia   Med.   Ass..    Franklin,   Oct.   4]    <Virginia    M.     Semi-Month.,   Rich- 
mond (350),  v.  15  (14),  Oct.  21,  pp.  327-330.     [Wa,  Win.] 
Brown,  W.  Carnegie.     [M.  D.,  M.  R.  C.  P.,  London.] 

(1910.) — Amoebic  or  tropical  dysentery:  Its  complications  and  treatment. 
London. 

1911. — The  blood  count  in  amoebic  dysentery.  [Letter  to  editor,  dated 
July  14]  <Brit.  M.  J..  Lond.  (2638),  v.  2,  July,  p.  192.     [Wa,  Wm.] 

1912. — Some  humr(n  entamoebae     <Tr.  Soc.  Trop.  M.  &  Hyg.,  Lond.,  v.  5 
(6),  Apr.,  pp.  221-225,  1  pi.,  figs.  1-3  B.     [Wm.] 
Brumpt,  E„ 

1909. —  [Dysenterie  amibienne  dans  les  singes.]  [Discussion  of  Ravaut  & 
Dopter,  1909,  pp.  17-20]  <Bull.  Soc.  de  path,  exot.,  Par.,  v.  2  (1),  13 
Jan.,  p.  20.     [Wm.] 

1910. — Precis  de  parasitologic.     Preface  par  R.  Blanchard.     xxvi+915  pp., 
6S3  figs.,  4  pis.     12°.     Paris.     [Wa.] 
Brunton,   (Sir)  Lauder.     [M.  D.,  F.  R.  S. ;  Physician,  Hosp.  St.  Bartholomew.] 

1903. — A  clinical  lecture  on  dysentery  and  intestinal  hemorrhage.     Deliv- 
ered at  St.  Bartholomew's  Hospital  <Lnncet,  Lond.   (4166),  v.  165,  v.  2 
(1),  July  4,  pp.  7-10,  1  fig.     [Wa,  Wm.] 
Brunwin,  A.  D.     [M.  A.,  M.  B.,  B.  C.  Cantab ;  Late  Resident  Med.  Officer,  Colo- 
nial Hosp.,  Suva,  Fiji.] 

1908. — Some    observations   on    the    santonin    treatment   of   dysentery    <J. 
Trop.  M.  &  Hyg.,  Lond.,  v.  11   (18),  Sept.  15,  pp.  278-279.     [Wa,  Wm.] 
Buchanan,  Robert  Earle.     [Ph.  D.] 

1911. — Veterinary  bacteriology.     A  treatise  on  the  bacteria,  yeasts,  molds, 
and  Protozoa  pathogenic  for  domestic  animals,     pp.  9-516,  214  figs.     8°. 
Philadelphia  &  London.     [Wa.] 
Buchanan,  W.  J.     [B.  A.,  M.  B. ;  Capt.  I.  M.  S.] 

1898. — A  note  on  liver  abscess,  dysentery,  and  the  Amoeba  < Indian  M. 
Gaz.,  Calcutta,,  v.  33  (5),  May,  pp.  165-167.     [Wm.] 

1899. — Remarks  on  the  death-rate  of  dysentery  and  on  dysentery  and  liver 
abscess  <Indian  M.  Rec,  Calcutta,  v.  16  (17).  Apr.  26,  p.  519.     [Wm.] 

1900.  The  saline  treatment  of  dysentery:  With  notes  of  555  consecutive 
cases  with  6  deaths  <Brit.  M.  J.,  Lond.  (2041),  v.  1,  Feb.  10,  p.  306. 
[Wa,  Wm.] 

1902. — The  prevention  and  treatment  of  dysentery  in  institutions  in  the 
tropics  (based  on  an  experience  of  1,130  consecutive  cases  with  only  nine 
deaths)  <Brit  M.  J.,  Lond.  (2177),  v.  2,  Sept.  20,  pp.  843-844.  [Wa, 
Win.  | 

L905.— The  treatment  <>f  dysentery.  [Editorial]  <Indian  M.  Gaz.,  Cal- 
cutta, v.  40   (7),  July.  pp.  279-281.      [Wm.] 
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Buetschli,  Otto.     [Prof.,  Zool.,  Univ.  Heidelberg.] 

1878  a. — Beitriige  zur  Kenntniss  der  Flagellaten  und  einiger  verwandten 

Organismen   <Ztschr.  f.   wissensch.  Zoo]..   Lelpz.,   v.  30   (2),  22.  Jan., 

pp.  205-281,  pis.  11-15,  figs.  1-26.     [MS.  dated  Aug.  1877.]      [Ws.] 
Bunch,  Rodney  J.     [M.  D.,  St.  Louis,  Mo.] 

1910. — Surgical  treatment  of  amebic  dysentery  by  appendicostomy.     [Read 

before  52.  Ann.  Meet  Missouri  State  Med.  Ass.,  Jefferson  City,  May,  1009] 

<J.  Missouri  M.  Ass.,  St.  Louis,  v.  6   (8),  Feb.,  pp.  474-470;  discussion, 

pp.  476-477.      [Wm.] 
Bunting,  C.  H.     [M.  D.,  Ass.  Path.,   Johns  Hopkins  Hosp.  Univ.;   Path..    Bay 

View  Hosp.,  Baltimore,  Md.] 
1906. — Hematogenous   amoebic    abscess   of   the   lung.     Report   of  a    case 

<Arch.  f.   Schiffs-  u.   Tropen-Hyg.,   Leipz.,   v.   10    (3),   Feb.,   pp.   73-79. 

[Wm.] 
Bureau,  Gustave;  &  Labbe,  Alphonse. 

1908. — Sur  l'affection  connue  sous  le  nom  de  botryomycose  et  son  parasite 

<Compt.  rend  Acad.  d.  sc,  Par.,  v.  147  (16),  19  oct,  pp.  697-699.     [Wa, 

Wm,  Wa] 
Buttersack.     [Dr.,  Stabsarzt.] 

1902. — Beobachtungen   und  Untersuchungen  liber  die  Ruhr    (Dysenterie). 

Die  Ruhrepidemie  auf  dem  Truppeniibungsplatz  Doberi'z  im  Jahre  1901 

und  die  Ruhr  im  Osiasiatischen  Expeditionskorps.     1.  Theil  <Veroffentl. 

a.  d.  Geb.  d.  Mil.-San.-Wes.,  Berk,  Heft  20,  2  p.  1.,  pp.  1-61,  charts,  pis. 

1-7,  3  charts     [Wm.] 
Buxton,  Joseph. 

1899  a. — Multiple  amoebic  abscess  of  the  liver  without  dysentery  <Proc. 

Path.  Soc.  Phila.   (1898-99),  o.  s.,  v.  20,  n.  s.,  v.  2  (3),  Jan.  1,  pp.  49-51. 

[MS.  dated  Oct  27,  1898.]    [Wm.] 
Cahen,  Eugen.     [Secundararzt] 

1891  a. — Ueber  Protozoen  im  kindlichen  Stuhle  <Deu'sche  med.  Wchnschr., 

Leipz.  &  Perl.,  v.  17  (27),  2.   Juli,  pp.  853-854.     [Wa,  Wm.] 
Calandruccio,  Salvatore.     [Dott.  med.,  Lib.  Insegnante  di  zool.  ed  anat.  comp., 

Univ.  Catania.] 
1S90  a. — Animali  parassiti  dell'  uoino  in  Sicilia  <Atti  Acad.  Gioenia  di  sc. 

nat.  in  Catania  (1889-90),  an.  66,  4.  s.,  v.  2,  pp.  95-135.     [Wa] 
1904. — Appunti  di  zoologia  medica.     [Abstract  of  remarks  before  Riun.  d. 

Cong.,  6  apr.]   <Rassegna  internaz.  d.  med.  mod.,  Catania,  v.  5   (7),  15 

apr.,  p.  63.     [Wm.] 
Caldwell,  Robert.     [Dr.,  Nashville,  Tenn.] 

1909.— [Discussion  of  Bates,  John  Pelham,  1909,  pp.  56-59]   <J.  Tennessee 

State  Med.  Ass.,  Nashville,  v.  2  (2),  June,  pp.  60;  63.     [Wm.] 
Calkins,  Gary  Nathan.     [Ph.  D. ;  Instructor,  Zool.,  Columbia  Univ..  &  Barnard 

College,  New  York.] 
1901  b.— The  Protozoa,     xvi+347  pp.,-153  figs.     S°.     New  York.     [Wa.Wm.] 
1904. — Evidences  of  a   sexual-cycle  in  the  life-history   of  Amoeba   preteus 

<Arch.  f.  Protistenk.,  Jena,  v.  5  (1),  pp.  1-16,  1  fig.,  pis.  1-3,  figs.  1-27. 

[Wa,  Wm.] 
1907.— The  Protozoa  <Modern  Med.  (Osier).  Phila.  &  N.  Y.,  v.  1.  pp.  353- 

369,  figs.  5-10.     [Wa,  Wm.] 
1907. — The  fertilization  of  Amoeba  proleus   <Biol.  Bull.,  Lancaster,  Pa.. 

v.  13  (4),  Sept.,  pp.  219-230,  pis.  11-12,  figs.  1-14.     [Wa,  Wm.] 
1908. — Some  Amoeba  studies  <Am.  Naturalist,  Lancaster,  Pa..  &  Garrison. 

N.  Y.   (498),  v.  42,  June.  pp.  422-428.     [Wa,  Wa] 
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Calkins,  Gary  Nathan — Continued. 

1909.— Protozoology,     pp.   iii-ix+17-349,   125  figs.,  4  pis.     8°.     New   York 
&  Philadelphia.     [Wa.] 
Cannady,  Samuel  H.     [M.  D.,  Oxford,  N.  C] 

1909. — Case  of  amebic  or  dysentery,  complicated  by  abscess  of  liver   < Char- 
lotte [N.  C]  M.  J.,  v.  59  (6),  June,  pp.  359-360.     [Win.] 
Canney,  Fredrick  G.     [M.  D.,  San  Francisco,  Calif.] 

1902  a.— Parasitic  amebae  <Med.  News,  N.  Y.  (1555),  v.  81  (18),  Nov.  1, 
pp.  825-826,  figs.  1-5.     [Wa.] 

Cantlie,  James.     [M.  B.,  F.  R.  C.  S.] 

1902. —  [Discussion  on  dysentery]  <Brit.  M.  J.,  Loud.  (2177),  v.  2,  Sept. 
20,  p.  852.     [Wa,  Wm.] 

Capitanio,  Luigi.     [Dr.] 

1894  a. — Le  amebe  rispe  to  alia  patologia  <Puglia  med.,  Bari,  v.  2  (2), 
feb.,   pp.   29-36;    (3),   mar.,   pp.   61-66;    (4-5),   apr.-maggio,   pp.   99-113. 

[Wm.] 

Carini,  A. 

1912. — Phagedenisnie  cutane  amibien  <Bull.  Soc.  de  path,  exot,  Par.,  v.  5 
(4),  10  avril,  pp.  216-218.     [MS.  dated  17  mars.]     [Wa,  Wm.] 

Casagrandi,  Oddo  G.  V. ;  &  Barbagallo-Rapisardi,  Pietro. 

1895  a. — Richerche  biologiche  e  cliniche  sull,  Amoeba  coli.  Nota  prelimi- 
nare  <Boll.  Accad.  Gioenia  di  sc.  nat.  in  Catania,  n.  s.  (39),  gennaio, 
pp.  4-14.     [Wa] 

1895  c. — Ricerche  biologiche  e  cliniche  sull'  Amoeba  coli  (Losch).  Seconda 
ed  ultima  nota  preliminare     <Ibidem   (41),  nov.,  pp.  7-19.     [Wa] 

(1895  d). — Sull'  Amoeba  coli  Loesch,  ricerche  biologiche  e  cliniche.  15  pp. 
8°.     Catania. 

1896  b. — Sui  terreni  di  coltura  della  amebe.  Prima  coinunicazione  <Ri- 
forma  med.,  Napoli,  an.  12  (157),  v.  3  (7),  8  luglio,  pp.  74-77.  [MS.  dated 
21  giugno.]     [Wm.] 

1S96  c. — Idem.     Seconda  communicazione     <Ibidem    (265),  v.  4    (40),   16 

nov.,  pp.  471-473.     [Wm.] 
1897 '.— Entamoeba   hominis   s.   Amoeba   coli    (Losch).     Studio   biologico   e 

clinico     <Ann.  d'  ig.  sper.,  Roma,  n.  s.,  v.  7  (1),  pp.  103-166,  pi.  2.  figs. 

1-26.     [Wm.] 

1897  a. — Ueber  die  Kultur  von  Amoben  <Ceiitralbl.  f.  Bakteriol.  [etc.], 
Jena,  1.  Abt.,  v.  21  (15-16),  10.  Mai,  pp.  579-5S9.     [Wa,  Wm.] 

Castellani,  Aldo.     [M.  D. ;  Director,  Bacteriol.  Inst.,  Colombo,  Ceylon.] 

(1004). — Dysentery  in  Ceylon    <J.  Ceylon  Br.  Brit.  M.  Ass..  Colombo,  June 

17,  pp.  1-14,  1  pi. 
1904. — Some  researches  on  the  etiology  of  dysentery  in  Ceylon     <J.  Hyg., 

Cambridge   [Eng.],  v.  4    (4),  Oct.,   pp.  495-510,  1   fig.      [Issued  Oct.  1.] 

[Wa,  Wm.] 
1905. — Observations  on  some  Protozoa  found  in  human  faeces    <Centralbl. 

f.  Bakteriol.  [etc.],  Jena,  1.  Abt,  v.  38  (1),  25.  Jan.,  Orig.,  pp.  66-69,  figs. 

1-5.     [Wa,  Wm.] 
L905—  Diarrhoea  from  flagellates.     [Read  before  Brit.  Med.  Ass.,  Leicester, 

July]     <P,rit.  M.  J.,  Loud.   (2341),  v.  2,  Nov.  11,  pp.  1285-1287,  figs.  1-2. 

|  Wa,   Win.  | 
1908.— Note  on  a   liver  abscess  of  amoebic  origin  in  a  monkey     <Parasi- 

tology.  Cambridge  !  Kng.],  v.  1  (2),  June,  pp.  101-102,  pi.  8.     [Issued  July 

17.|     [Wa.] 
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Castellani,  Aldo;  &  Chalmers,  Albert  J. 

1910. — Manual  of  tropica]  medicine.     Univ.  ser.     xxv+1242  pp.,  373  figs., 

14  pis.     8°.     London.     [Wa.] 
Caullery,  Maurice. 

1900. — Sur   un   amoebien   parasite  des  embryons  de   Peltogaster   curnitux 

Kossm.     [Read  13  oct.]     <Coinpt.  rend.  Soc.  de  biol.,  Par.,  an.  58,  v.  61, 

v.  2  (28),  19  oct.,  pp.  266-269,  figs.  1-4.     [Wa,  Wm.] 
Caussade,  G. ;  &  Joltrain,  E. 

1907. — Cas  de  dysenterie  amibienne  avec  abces  du  foie  d'origine  pnrisienne 

<Tribune  med.,  Par.,  n.  s.,  v.  40  (7),  16  few,  pp.  101-102;  note  by  Dopter, 

p.  102.     [Wm.] 
1907. — Un  cas  de  dysenterie  amybienne  avec  abces  du  foie  d'origine  pari- 

sienne.     [Read  15  fev.]    <Bull.  et  mem.   Soc.  med.   d.  hop.   de  Par.,  3. 

s.,  v.  24,  pp.  167-174;  note  by  Dopter,  p.  172;  discussion,  pp.  174-178. 

[Wm.] 
1907. — Dysenterie    amibienne    avec    abces    hepatique   d'origine    parisienne. 

[Resume  of  1907,  pp.  167-174]    <Caducee,  Par.,  v.  7    (5),  2  mars.  pp. 

62-63.     [Wm.] 
Cay  ley,  Henry.     [F.  R.  C.  S. ;  Army  Med.  School,  Netley.] 

1893. — Tropical  diseases  of  the  liver  <Hyg.  &  Dis.  Warm  Climates  (David- 
son), Edinb.  &  Lond.,  pp.  612-640,  pi.  3.     [Wm.] 
Celli,  Angelo.     [Dirett,  1st.  d'ig.,  Univ.  Roma.] 

1896  b. — Die  Kultur  der  Amoben  auf  festem  Substrate  <Centralbl.  f.  Bak- 

teriol.   [etc.],  Jena,  1.  Abt.,  v.  19   (14-15),  25.  Apr.,  pp.  536-538.     [MS. 

dated  11.  Miirz.]     [Wa,  Wm.] 
Celli,  Angelo;  &  Fiocca,  R. 

1894  a. — Contributo  alle  conoscenze  sulla  vita  delle  amebe.     la.  Nota  pre- 

ventiva  <Riforma  med.,  Napoli,  an.  10,  v.  1   (68),  22  mar.,  pp.  806-808. 

[MS.  dated  10  mar.]     [Wm.] 
1894  b. — Idem.       2a.  Communicazione  preventiva  sulla  classificazione  delle 

amebe  e  di  alcune  specie  finora  cultivate  < Ibidem   (187),  v.  3   (37),  13 

agosto,  pp.  434-^41,  1  table.     [Wm.] 
1894  d. — Beitriige     zur     Amobenforschung.     Erste     vorliiufige     Mitteilung. 

[Transl.  of  1894  a]   <Centralbl.  f.  Bakteriol.  [etc.],  Jena,  v.  15  (13-14), 

7.  Apr.,  pp.  470-473.     [MS.  dated  15.  Miirz.]      [Wa,  Wm,  Wc] 

1894  e. — Idem.  Zweite  vorliiufige  Mitteilung.  Ueber  die  Klassifikation  der 
Amoben  und  einige  geziichtete  Species.  [Transl.  of  1894  b]  < Centra lbl. 
f.  Bakteriol.  [etc.],  Jena,  v.  16  (8-9),  6.  Sept.,  pp.  329-339,  1  table. 
[MS.  dated  27.  Juli.]     [Wa,  Wm,  Wc] 

1895  a. — Intorno  alia  biologia  delle  amebe  <Ann.  1st.  d'ig.  sper.  Univ.  di 
Roma,  n.  s.,  v.    5  (2),  pp.  177-213,  pis.  7-8,  figs.  1-67.     [Wm.] 

1895  b.— Idem  <Bull.  r.  Accad.  med.  di  Roma,  v.  21  (5-6),  pp.  285-324, 
pis.  1-2,  figs.  1-67.     [Wm.] 

1895. — Sulla  etiologia  della  dissenteria.  Nota  preventiva  <Riforma  med., 
Napoli,  an.  11,  v.  1  (34),  9  feb.,  pp.  399-400.     [Wm.] 

1895   d. — Ueber    die    Aetiologie    der    Dysenterie.      Vorliiufige    Mitteilung 
<Centralbl.  f.  Bakteriol.  [etc.],  Jena,  1.  Abt.,  v.  17  (9-10),  15.  Miirz,  pp. 
309-310.     [MS.  dated  19.  Feb.]     [Wa,  Wm,  Wc] 
Chagas,  Carlos.     [Dr.] 

1911. — Sobre  as  variagoes  ciclicas  do  cariozoma  em  duas  especies  de  ciliados 
parazitos.  Contribuieao  para  o  estudo  do  nucleo  nos  infuzorios.  [Portu- 
guese &  German  text]  <Mem.  Inst.  Oswald  Cruz,  Rio  de  Janeiro- 
Manguinhos,  v.  3  (1),  pp.  136-144,  pis.  9-10,  figs.  1-18.  [MS.  dated  Jan.] 
[Wa.] 
66692— vol  2,  pt  1—13 14 
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Chamberlain,  Weston  P. ;  &  Yedder,  Edward  B. 

1911. — The  effect  of  ultra-violet  rays  on  amoebae,  and  the  use  of  these 

radiations  in  the  sterilization  of  water  <Philippine  J.  Sc,  Manila,  v.  6 

(5),  Nov.,  pp.  383-394,  tables  1-6.     [Wa.] 
Chantemesse  &  Rodriguez. 

1909. — Un  cas   de   dysenterie   amibienne   traite  par   le  lavement   creosote* 

<Bull.  Soc.  de  path,  exot.,  Par.,  v.  2  (1),  13  Jan.,  pp.  29-32;  discussion, 

pp.  32-34.     [Wm.] 
Chantemesse  &  Widal,  Fernand. 

18S8  a. — Sur  les  microbes  de  la  dysenterie     <Bull.  Acad,  de  med..  Par.,  v. 

52,  2.  s.,  v.  19  (16),  23  avril,  pp.  522-526;  discussion,  pp.  528-529.     [Wm.] 
Chapin,  Charles  V.     [M.  D.,  Sc.  D. ;  Supt.  Health,  Providence,  R.  I.] 

1910. — The  sources  and  modes  of  infection.     1.  ed.     ix+399  pp.     8°.     New 

York.     [Wa.] 
Charles,  (Sir)  R.  Havelock.     [Surg.,  Bengal  Med.  Service.] 

1908. — Discussion  on  tropical  abscess  of  the  liver.     [Read  before  76.  Ann. 

Meet.  Brit.  Med.  Ass.,  Sheffield,  July]   <Brit.  M.  J.,  Lond.   (2495),  v.  2, 

Oct.  24,  pp.  1235-1243;  discussion,  pp.  1254-1255.     [Wa,  Wm.] 
Chatton,  Edouard.     [Preparateur  a.  l'lnst.  Pasteur,  Paris.] 

1909. — Une   amibe,    Amoeba    mucicola   n.    sp.,    parasite   des   branches   des 

labres,  associee  a  une  trichodine  <Compt.  rend.  Soc.  de  biol.,  Par.,  v.  67 

(36),  17  dec,  pp.  690-692.     [Wa,  Wm.] 
1910. — Protozoaires  parasites  des  branchies  des   labres  Amoeba  mucicola 

Chatton,  Trichodina  labrorum  n.  sp.    Appendice :  Parasite  des  trichodines 

<Arch.  de  zool.  exper.   et  gen.,  Par.,  v.  40,  5.  s.,  v.  5    (5),  15  juillet, 

pp.  239-266,  1  fig.,  pi.  3,  figs.  1-26.     [Wm.] 
1910. — Essai  sur  la  structure  du  noyau  et  la  mitose  chez  les  amoebiens. 

Faits  et  theories  <Arch.  de  zool.  exper.  et  gen.,  Par.,  v.  40,  5.  s..  v.  5 

(6),  ler  oct,  pp.  267-337,  figs.  1-13.     [Wm.] 
1912. — Entamibe  (Loeschia  sp.)  et  myxomycete  (Dictyostelium  mucoro'idea 

Brefeld)  d'un  singe  <Bull.  Soc.  de  path,  exot,  Par.,  v.  5  (3),  13  mars, 

pp.  180-184,  pi.  10,  figs.  1-7.     [Wa,  Wm.] 
1912. — Sur   quelques   genres    d'amibes    libres    et    parasites.      Synonymies; 

homonymie;   impropriate  <Bull.   Soc.  zool.  de  France,  Par.,  v.  37    (3), 

25  avril,  pp.  109-115;  erratum  (4),  4  juin,  p.  168.     [Wa,  Wc] 
Chatton,  Edouard;  &  Brodsky,  A.  [Dr.,  Univ.  de  Geneve]. 

1909. — Le  parasitisme  d'une  chytridinee  du  genre  Sphaerita  Dangenrd  chez 

Amoeba  Umax  Dujard.     Etude  comparative  <Arch.  f.  Protistenk.,  Jena, 

v.  17  (1),  pp.  1-18,  figs.  1-3.     [MS.  dated  14  mars.]     [Wa,  Wm.] 
Chatton,  Edouard;  &  Lalung-Bonnaire,  P. 

1912. — Amibe  limax    (Vahlkampfia  n.   gen.)    dans  l'intestin  humain.     Son 

importance  pour  l'interpretation  des  amibes  de  culture.     [Read  14  fev.] 

<Bull.  Soc.  de  path,  exot,  Par.,  v.  5  (2),  pp.  135-143,  pi.  9,  figs.  1-17. 

[Wa,  Wm.] 
Chauffard,  A. 

1908.— [Rapport  sur  Marcano,  G.,  1908,  pp.  501-505]  <Rull.  Acad,  de  med., 

Par.,  3.  s.,  v.  59  (18),  pp.  501-505;  discussion,  pp.  505-506.     [Wm.] 
1908.— [Discussion  of  Menetrier,   P.;   &  Touraine,   A.,   1908,   pp.  905-913] 

<Bull.  et  mem.  Soc.  med.  d.  hop.  de  Par..  3.  s.,  v.  25,  pp.  913-914.     [Wm.] 
Chlapowski,  F.     [Dr.] 

1909.—  O    dysenteryi    pelzakowej     (amebowej),    z    powodu    sposl rzoganego 

przypadku.     [Amoebic    dysentery,    apropos    of    a    case.]     [Polish    text] 

<Now.  lek.,  Poznafi,  v.  21    (2),  pp.  82-87;    (3),  pp.  145-147;    (6),  pp. 

323-329.     [Wm.] 
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Ciechanowski,    Stanislaus    [Dr.]  ;    &    Nowak,    Julian    [Asst,    path.-anat    Inst., 
Univ.  Krakau]. 

1897. — Przyczynek  do  badan  nad  etyologia  dysentery i  <Pam.  Towarz.  Lek. 
Warszaw.,  v.  93  (4),  pp.  853-924.     [Wm.] 

1898  a. — Zur   Aetiologie  der   Dysenterie   <Centralbl.   f.   Bakteriol.    [etc.], 
Jena,  1.  Abt,  v.  23  (11),  17.  Mara,  pp.  445-452;   (12),  25.  Mara,  pp.  493- 
500,  pis.  12-13,  figs.  1-3.     [Wm.] 
CI  egg,  Moses  T. 

1909. — Some  experiments  on  the  cultivation  of  Bacillus  leprae.     [Read  at 
6.  Ann.  Meet.  Philippine  Islands  Med.  Ass.,  Feb.  11]   <Philippine  J.  Sc, 
Manila,  B.  Med.  Sc,  v.  4   (2),  Apr.,  pp.  77-79;  discussion,  pp.  141-142. 
[Wa.] 
Cole,  Leon  J. 

1908. — Report  of  the  division  of  animal  breeding  and  pathology   <21.   Ann. 
Rep.  Rhode  Island  Agric.  Exper.  Station,  Providence  (1907-08),  pp.  295- 
305.     [Wa.] 
Cole,  Leon  J.;  &  Hadley,  Philip  P. 

1910. — Amoeba   meleagridis.     [Letter   to   editor]     < Science,    N.    Y.,    n.    s. 
(834),  v.  32,  Dec.  23,  pp.  918-919.     [Wa,  Wm,  Wc] 
Collins,  C.  C.     [Lieut,  Asst.  Surg.,  XL  S.  Army.] 

1904. —  [Four  cases  of  amebic  dysentery  treated  with  oil]    <Rep.  Surg.-Gen. 
Army,  Wash.,  pp.  86-87.     [Wa,  Wm.] 
Cooke,  A.  B.     [M.  D.,  Nashville,  Tenn.] 

1909. — [Discussion  of  Bates,  John  Pelham,  1909,  pp.  56-59]  <J.  Tennessee 
State  M.  Ass.,  Nashville,  v.  2  (2),  June,  pp.  60-62;  63-64;  65.     [Wm.] 

1910.— [Discussion  of  Hanes,  (frranville  S.,  1910,  pp.  1140-1146]  < Kentucky 
M.  J.,  Bowling  Green,  v.  8  (1),  Jan.  1,  pp.  1148-1149.     [Wm.] 

1910. — The  diagnosis  and  treatment  of  amebic  ulceration  of  the  large  intes- 
tine. [Read  before  South.  Med.  Ass.,  N.  Orleans,  Nov.  9-11,  1909] 
<J.  Am.  M.  Ass.,  Chicago,  v.  54  (8),  Feb.  19,  pp.  598-600.     [Wa,  Wm.  Wc] 

1910. — The  diagnosis  and  treatment  of  amebic  ulceration  of  the  large  intes- 
tine.    [Read  before  Middle  Tenn.   Med.   Soc,   Springfield,   Nov.  19,  20] 
<J.  Tennessee  State  M.  Ass.,  Nashville,  v.  2    (11),   Mar.,  pp.  325-331. 
[Wm.] 
Councilman,  William  T.     [Prof.,  Path.,  Harvard  Med.  College,  Boston,  Mass.] 

1891.— [Discussion  of  Lafieur,  Henri  A.,  1891  a]  < Johns  Hopkins  Hosp. 
Bull.,  Bait,  v.  2  (13),  May-June,  p.  84.     [Wa,  Wm.] 

1891  a. — The  form  of  dysentery  produced  by  the  Amoeba  coli.  [Secretary's 
abstract  of  paper  read  before  Med.  &  Chir.  State  Faculty  of  Maryland, 
Apr.  28-30]  <J.  Am.  M.  Ass.,  Chicago,  v.  16  (23),  June  6,  pp.  824-825; 
discussion,  p.  825.     [AYm.] 

1892  b. — Anatomical  lesions  of  amoebic  dysentery.  [Read  Oct.  19,  1S91] 
< Johns  Hopkins  Hosp.  Bull.,  Bait.  (19),  v.  3,  Jan.-Feb.,  p.  13.     [Wa.] 

1892    c— Dysentery.      [Read    before    Ass.    Am.    Phys.,    Wash.,    May    25] 

<Boston  M.  &.S.  J.,  v.  127  (1),  July  7,  pp.  1-7.     [Wm.] 
Councilman,  William  T. ;  &  Lafieur,  Henri  A. 

1891  a.— Amoebic  dysentery    < Johns  Hopkins  Hosp.  Rep.,  Bait.,  v.  2  (7-9), 

Dec,  pp.  393-548  (156  pp.),  pis.  1-7.     [Wm.] 
Craig,  Charles  F.     [Acting  Asst.  Surg.,  U.  S.  Army ;  Director,  Bacteriol.  Lab., 

Josiah  Simpson,  U.  S.  Gen.  Hosp.,  Fortress  Monroe,  Va.] 
1901a. — Observations  upon  the  Amoebae  coli  and  their  staining  reactions 

<Med.  News,  N.  Y.   (1470),  v.  78   (11),  Mar.  10,  pp.  414^18,  figs.  1-8. 

[Wa,  Wm.] 
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Craig,  Charles  F. — Continued. 

1904. — The  life  cycle  of  Amoeba  coli  in  the  human  body:  A  preliminary 

note      <Am.    Med.,    Phila.,    v.    7    (8),    Feb.    20,    pp.    299-301,    figs.    1-8. 

[Wa,  Wm.] 
1904. — The  pathology  of  chronic  specific  dysentery  of  tropical  origin     <J. 

Ass.  Mil.  Surg.  U.  S.,  Carlisle,  Pa.,  v.  14  [(6),  June],  pp.  353-378.     [Wm.] 
1904. — The  complications  of  amoebic  and  specific  dysentery,  as  observed  at 

autopsy.     An  analysis  of  one  hundred  and  twenty  cases.     [Read  before 

San  Francisco  Co.  Med.  Soc,  Feb.]     <Am.  J.  M.  Sc,  Phila.  &  N.  Y.,  n.  s. 

(388),  v.  128  (1),  July,  pp.  145-156.     [Wm.] 
1904. — Classification  of  Amoeba  coli     <Am.  Med.,  Phila.,  v.  8  (5),  July  30, 

pp.  185-186.     [Wa,  Wm.] 
1905. — The  etiology  and  pathology  of  amoebic  infection  of  the  intestine  aud 

liver     < Interna t.  Clin.,  Phila.  &  Lond.,  14.  s.,  v.  4,  pp.  242-298,  figs.  1-4, 

pi.  1,  figs.  1-12.     [Wm.] 
1905. — Observations  upon  amebas  infecting  the  human  intestine,  with  a  de- 
scription  of   two   species,   Entamoeba   coli   and   Entamoeba    dysenteriae 

<Am    Med.,  Phila.,  v.  9    (21),  May  27,  pp.  854-861;    (22),  June  3,  pp. 

897-903;   (23),  June  10,  pp.  936-942.     [Wa,  Wm.] 
1906. — A  new  intestinal  parasite  of  man :  Paramocba  hominis     <Am.  J.  M. 

Sc,  Phila.  &  N.  Y.,  n.  s.   (413),  v.  132   (2),  Aug.,  pp.  214-220,  figs.  1-2. 

[Wm.] 
1908. — Studies  upon  the  amebae  in  the  intestine  of  man     <J.  Infec.  Dis., 

Chicago,  v.  5  (3),  June  4,  pp.  324-377,  pis.  2-3.     [Wa,  Wm.] 
1910. — Further  observations  on  Pat-amoeba  hominis,  an  intestinal  parasite 

of  man     <Arch.  Int.  Med.,  Chicago.  ^6  (1),  July  15,  pp.  1-11,  figs.  1-2. 

[Wm.] 
1911. — The  parasitic  amoebae  of  man.    x+253  pp.,  30  figs.    8°.    Philadelphia 

&  London.     [Wc] 
1911. — Entamoeba   tetragena  as  a   cause   of   dysentery   in   the   Philippine 

Islands     <Arch.  Int.  Med.,  Chicago,  v.  7  (3),  Mar.,  pp.  362-366.     [Wm.] 
1912. — Observations  upon  the  morphology  of  parasitic  and  cultural  amebae 

<J.  Med.  Research,  Bost.  (130),  v.  26,  n.  s.,  v.  21  (1),  Apr.,  pp.  1-37,  pis. 

1-2.     [Wa,  Wm.] 
1912. — The  parasitic  amebae  of  man  and  their  relation  to  disease.     [Read 

before  33.    Ann.  Meet.  Louisiana  State  Med.  Soc.  Apr.  23-25]     <N.  Orl. 

M.  &  S.  J.,  v.  65  (1),  July,  pp.  1-17.     [Wm.] 

Cramer,  E. 

1896  a. — Neuere  Arbeiten  fiber  die  Tropenruhr  oder  Amobendysenterie. 
Zusammenfassendes  Referat  <Centralbl.  f.  allg.  Path.  u.  path.  Anat, 
Jena,  v.  7  (4),  29.  Feb.,  pp.  138-145.     [Wa,  Wm.] 

Crawley,  Howard.     [S.  B.,  S.  M. ;  Asst.,  Zool.,  Bureau  Animal  Indust,  U.  S. 

Dept.  Agric,  Washington,  D.  C] 
1912. — The  protozoan  parasites  of  domesticated  animals     <27.  Ann.  Rep. 

Bureau  Animal  Indust.,  U.  S.  Dept.  Agric,  Wash.    (1910),  pp.  465-498, 

figs.  63-75,  pis.  37-42.     [Wa.] 
1912. — Idem     <Circnlar  194,  Bureau  Animal  Indust.,  IJ.   S.  Dept.  Agric, 

Wash.,  pp.  465-498,  figs.  63-75,  pis.  37-42.     [Wa.] 

Crivelli,  Giuseppe  Balsamo;  &  Maggi,  Leopoldo. 

1870  a. — Sulla  produzione  delle  amibe  <R.  1st.  lomb.  di  sc.  e  lett,  Rendic, 
Mi  la  no,  2.  s.,  v.  3  (10),  19  maggio,  pp.  367-375,  1  pi.,  figs.  1-4.     [Wm.] 

1871  a.— Idem  [continued!     <Ibidem,  v.  4  (7),  6  apr.,  pp.  198-203.     [Win.  | 
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Cropper,  J.     [Dr.,  Chepstow.] 

1908. — [Tropical  abscess  of  liver.]  [Abstract  of  discussion  before  76.  Ann. 
Meet.  Brit.  Med.  Ass.,  Sheffield,  July]  <Brit  M.  J.,  Lond.  (2405),  v.  2, 
Oct.  24,  j).  1254.     [Wa,  Win.] 

Crowell,  S.  M.     [M.  D.,  Charlotte,  N.  C] 

1910. — The   relation   between   hookworms,   neuraesthenia    and    morphinism. 
[Read  before  Seaboard  Med.  Ass.,  Norfolk,  Va.,  Dec.  7-9,  1909]     <Char- 
lotte  [X.  C]  M.  J.,  v.  01   (2),  Feb.,  pp.  77-79.     [Win.] 
Culler,  Robert  M.     [A.  M.,  M.  D. ;  Capt.,  Med.  Corpus,  TJ.  S.  Army.] 

1910. — Diver  abscess.  A  report  of  two  cases  of  abscess  of  the  left  lobe 
<J.  Am.  M.  Ass.,  Chicago,  v.  55  (6),  Aug.  6,  pp.  500-501.     [Wa,  Wm,  Wc] 

Cunningham,  D.  Douglas.     [Surg.  Major,  Special  Asst.  San.  Coinr.,  Govt.  India.] 
1871  a. — A  report  on  cholera     <7.  Ann.  Rep.   San.  Com.  India,  Calcutta 

(1870),  A  pp.  B,  pp.  141-234,  pis.  1-11.     [Wm.] 
1881  a.— On  the  development  of  certain  microscopic  organisms  occurring  in 
the  intestinal  canal     <Quart.  J.  Micr.  Sc,  Dond.,  n.  s.   (82),  v.  21,  Apr., 
pp.  234-290,  figs.  1-26.  pi.  18.     [MS.  dated  Nov.,  1879.]     [Wa,  Wm.] 
Cunningham,  John  H.   (jr.).     [M.  D.,  Visit.  Surg.,  Dong  Island  Hosp.,  Boston, 
Mass.] 
1910. — Death  following  rectal  anesthesia  in  a  patient  with  amebic  dysentery 
<Boston  M.  &  S.  J.,  v.  1G2   (12),  Mar.  24,  pp.  387-388.     [Wm.] 
Curl,  Holton  C.     [M.  D.,  Surg.,  U.  S.  Army;   Supt,  Colon  Hosp.,  Isthmus  of 
Panama.] 
1906. — The  relative  value  of  cecostomy  and  appeudostomy  in  the  treatment 
of  amebic  dysentery  by  irrigation  of  the  colon    <Ann.  Surg.,  Phila.,  v.  43 
(4),  Apr.,  pp.  543-546,  1  pi.,  fig.  1.     [Wm.] 
Curnow,  John  C.     [M.  D.,  Dondon;  Prof.,  Anat,  King's  College.] 

1895  a. — Hepatic  abscess  followed  by  amoebic  dysentery;   operation;    re- 
covery    <Dancet,   Dond.    (3740),  v.  1,   May  4,  pp.  1109-1111,  2  figs.,   1 
table.     [Wm.] 
Curry,  Joseph  J.     [Asst.  Surg.,  U.  S.  Army.] 

1901  a. — Dysenteric  diseases  of  the  Philippine  Islands,  with  special  refer- 
ence to  the  Amcba  coli  as  a  causative  agent  in  tropical  dysentery     <Bos- 
ton  M.  &  S.  J.,  v.  144  (8),  Feb.  21,  pp.  177-178.     [Wm.] 
Curtice,  Cooper.     [D.  V.  S.,  M.  D. ;  Veterinary  Inspector,  Bureau  Animal  In- 
dustry, Norfolk,  Va,] 
1907. — The  rearing  and  management  of  turkeys  with  special  reference  to  the 
"  blackhead  "  disease     <Bull.  123,  Rhode  Island  Agric.  Exper.   Station, 
Providence,  Aug.,  64  pp.     [Wa.] 
1907. — Further  experiments  in  connection  with   the  blackhead  disease  of 
turkeys     <Bull.   124,   Rhode   Island  Agric.   Exper.    Station,  Providence, 
Nov.,  pp.  65-105.     [Wa.] 
Czerny,  Vinzenz.     [Asst.  Arzt.] 

1869  a. — Einige  Beobachtnngen  fiber  Amoeben  <Arch.  f.  mikr.  Anat.,  Bonn, 
v.  5,  pp.  158-163.  [Wm.] 
Daland,  Judson.  [M.  D. :  Instructor,  Clin.  Med.  &  Decturer,  Phys.  Diag.  & 
Symptomat.,  Univ.  Pennsylvania.] 
1892. — A  clinical  description  of  dysentery  as  it  occurs  in  Nicaragua.  [Read 
before  Phila.  Co.  Med.  Soc,  Oct.  26]  <Therap.  Gaz.,  Detroit,  Mich.,  & 
Phila.,  Pa.,  v.  16,  3.  s.,  v.  8  (12),  Dec.  15,  pp.  806-808.     [Wm.] 
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Daniels,  C[harles]   W[ilberforce].     [M.  B.,  M.  R.  C.  S. ;  Colonial  Med.  Serv., 
British  Guiana.] 
1902  b. — Notes  on  malaria  and  other  tropical  diseases  during  the  tour  of  the 
Royal  Commission  on  malaria     <Brit.  Guiana  M.  Ann.,  Demerara,  pp. 
40^6.     [Win.] 
Daniels,  CLharles]  W[ilberforce]  ;  &  Stanton,  A.  T. 

1907. — Studies  in   laboratory  work.     2.  ed.,  thoroughly   revised,     xiv+491 
pp.,  156  figs.,  4  pis.     8°.     Philadelphia.     [ Wm.] 
Daniels,  C[harles]  W[ilberforce]  ;  &  Wilkinson,  E. 

1909. — Tropical  medicine  and  hygiene.     Part  1 :  Diseases  due  to  Protozoa, 
iv  pp.,  1  p.  1.,  2G4  pp.,  62  figs.,  2  pis.     8°.     London.     [Wa.] 
Darling,  Samuel  T.     [Ancon,  Canal  Zone.] 

1912. — Romanowsky  stain  for  entamebas.     [Letter  to  editor]     <J.  Am.  M. 

Ass.,  Chicago,  v.  59  (4),  July  27,  p.  292.     [Wa.  Wm.  Wc] 
1912. — The  examination  of  stools  for  cysts  of  Entamoeba  tetragena     <J. 
Trop.  M.  &  Hyg.,  Loud.,  v.  15  (17),  Sept.  2,  pp.  257-259.     [Wa,  Wm.] 
Darnall,  Carl  R.     [First  Lieut,  Asst,  Surg.,  U.  S.  Army.] 

1901. — Amoebic  abscess  of  the  liver,  with  a  report  of  four  cases     <N.  York 

M.  J.  (1158),  v.  73  (6),  Feb.  9,  pp.  229-232.     [Wa,  Wm.] 
1901. — Amoebic   abscess   of   liver.     [Operation]     <Rep.    Su"rg.-Gen.   Army, 
Wash.,  p.  286.     [Wa,  Wm,  Wc] 
Davaine,  Casimir-Joseph.     [Dr.,  Membre,  Soc.  de  biol.,  Laureat  de  l'lnst.] 

1877  a. — Traite  des  entozoaires  et  des  maladies  vermineuses  de  l'homme  et 
des   animaux    domestiques.     2.    ed.,    cxxxii+1003    pp.,    72+38    figs.     8°. 
Paris.     [Wa.] 
Davidsohn. 

1906.— [Discussion     of     Juergens,     1906,     pp.     1607-1608]       <Berl.     klin. 
Wchnschr.,  v.  43  (50),  10.  Dec,  pp.  1608-1609.     [Wa,  Win.] 
Davidson,  Andrew.     [M.  D.,  F.  R.  C.  P.  Edinb.] 

1907.— Amoebic  dysentary     <Syst.  Med.  (Allbutt  &  Rolleston),  Lond.,  v.  2 

(2),  pp.  527-530;  535-542.     [Wm.] 
1907. — Tropical  abscess  of  the  liver    <Ibidem,  pp.  579-605.     [Wm.] 
1909.— Amoebic  dysentery    <Ibidem,  v.  2  (2),  pp.  527-530;  535-542.     [Wa.] 
1909. — Tropical  abscess  of  the  liver    <Ibidem,  pp.  579-605.     [Wa.] 
Davidson,  D.  M.  [Surg..-Capt.,  I.  M.  S. ;  M.  B.,  C.  M.]  ;  &  Davidson,  Andrew. 
1893. — Dysentery    <Hyg.   &   Dis.   Warm   Climates    (Davidson),   Edinb.    & 
Lond.,  pp.  546-611,  figs.  47-49.     [Wm.] 
Deeks,  W.  E.     [M.  A.,  M.  D. ;  Chief,  Med.  Clin.,  Ancon  Hosp.,  Panama] 

1908. — Preliminary   note   on   the   treatment   of   amebic   dysentery   as   con- 
ducted on  the  Isthmus  of  Panama  <Med.  Rec,  N.  Y.  (19S8),  v.  74  (24), 
Dec  12,  p.  1010.     [Wa,  Wm.] 
Deeks,  W.  PI;  &  Shaw,  W.  F.  [M.  D. ;  Physician,  Ancon  Hosp.]. 

1909. — The  treatment  of  amebic  dysentery-     [Read  before  Canal  Zone  Med. 
Soc,  Aug.]   <Med.  Rec,  N.  Y.   (2036),  v.  76  (20),  Nov.  13,  pp.  806-810. 
[Wa,  Wm.] 
191  I.-  -Amebic  colitis  (amebic  dysentery).     [Read  at  8.  Ann.  Meet.  Am.  Soc. 
Trop.  Med.,  New  Orleans,  May  18-19]    <N.  Orl.  M.  &  S    J.,  v.  64   (1), 
July,  pp.  1-23.     [Wm.] 
Delafield,  Francis  [M.  I).;  Prof.,  Pract.  Med.,  Coll.  P.  &  S.,  Columbia  Univ.]  ;  & 
Prudden,  T.  Mitchell   [M.  D. ;  Prof.,  Path.;  Director,  Lab.  Histol.,  Path., 
Bacterid.,  College  P.  &  S.,  Columbia  Univ.,  New  York]. 
1897  a.— A  handbook  of  pathological  anatomy,  with  an  introductory  section 
on  post-mortem  examinations  and  the  methods  of  preserving  and  exam- 
ining diseased  tissues.    5.  ed.,  846  pp.,  365  figs.    8°.    London.     [Wa.J 
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Dela field,  Francis — Continued. 

1001. — A  handbook  of  pathological  anatomy  and  histology.  With  an  intro- 
ductory section  on  post-mortem  examinations  and  the  methods  of  preserv- 
ing and  examining  diseased  tissues.  6.  ed.,  xix+810  pp.,  453  figs.,  13  pis. 
8°.     New  York.     [Wa.] 

Denier,  A. 

1912. — Un  cas  de  dysenterie  mixte  provenant  de  Shang-Hai  <Bull.  Soc. 
de  path,  exot.,  Par.,  v.  5  (7),  10  juillet,  pp.  468-469.     [Wa,  Wm.] 

Denier,  A. ;  &  Huet. 

1912. — La  dysenterie  k  Saigon  <Bull.  Soc.  de  path,  exot.,  Par.,  v.  5  (5),  8 
mai,  pp.  263-265.     [Wa,  Wm.] 

Diamond,  I.  B.     [M.  D.,  Chicago,  111.] 

1900a.— Amebic  dysentery  <Phila.  M.  J.  (110),  v.  5  (14),  Apr.  7,  pp. 
817-S20,  1  fig.     [Wa,  Wm.] 

Dievitski,  V.  S. 

1003. — Pechenochnii  naryv  pri  tropicheskoi  dizcnterii  s  amebami  v  gnoie. 
[Liver  abscess  in  tropical  dysentery  with  amebae  in  the  pus.]  [Russian 
text]   <Med.  Obozr.,  Mosk.,  v.  59  (10),  pp.  774-785.     [Wm.] 

Dobell,  C,  Clifford.     [B.  A.,  Trinity  College.] 

1008. — On  the  intestinal  protozoan  parasites  of  frogs  and  toads.  (Prelimi- 
nary communication)  <Proc.  Cambridge  [Eng.]  Phil.  Soc.  (1007),  v.  14 
(4),  Mar.  10,  pp.  428-433.     [Wa.] 

1909. — Researches  on  the  intestinal  Protozoa  of  frogs  and  toads  < Quart.  J. 
Micr.  Sc,  Loud.,  n.  s.  (210),  v.  53  (2),  Jan.,  pp.  201-277,  1  fig.,  pis.  2-5, 
figs.  1-07.     [Wa.] 

1909. — Chromidia  and  the  binuclearity  hypotheses:  A  review  and  a  criti- 
cism <Quart.  J.  Micr.  Sc,  Lond.,  n.  s.  (210),  v.  53  (2),  Jan.,  pp.  270-326, 
figs.  1-25.     [MS.  dated  Aug.,  1008.]     [Wa.] 

1909. — Physiological    degeneration    and    death    in    Entamoeba    ranarum 
<Ibidem  (212),  v.  53  (4),  July,  pp.  711-721,  figs.  A-E.     [MS.  dated  Apr.] 
[Wa,  Wm.] 
Dock,  George.     [M.  D. ;  Prof.,  Theory  &  Pract.  Med.,  Tulane  Univ.,  New  Or- 
leans, La.] 

1891  e. — Observations  on  the  Amoeba  coll  in  dysentery  and  abscess  of  the 
liver.  [Read  before  Austin  Dist.  Med.  Soc,  Mar.  19]  <Daniel's  Texas 
M.  J.  Austin,  v.  6  (10),  Apr.,  pp.  419-431.     [Wm.] 

1902  a. — Amebic  dysentery  in  Michigan.  [Read  at  53.  Ann.  Meet.  Am.  Med. 
Ass.]  <J.  Am.  M.  Ass.,  Chicago,  v.  39  (11),  Sept.  13,  pp.  617-619;  dis- 
cussion, pp.  619-620.      [Wa,  Wm.] 

1900. — A.  note  on  the  ipecac  treatment  of  amoebic  dysentery.  [Read  at  6. 
Ann.  Meet.  Am.  Soc  Trop.  Med.,  Wash.,  D.  C,  Apr.  10]  <N.  York  M.  J. 
[etc.]  (1597),  v.  90  (2),  July  10,  pp.  49-50;  discussion,  p.  93.  [Wa, 
Wm,  Wc] 

1900. — Amebic  dysentery.  [Read  before  Orleans  Parish  Med.  Soc,  May  10] 
<N.  Orl.  M.  &  S.  J.,  v.  62  (2),  Aug.,  pp.  81-S6.     [Wni.] 

1909.— [Discussion  of  Simon,  Sidney  K.,  1909,  pp.  1526-1529]    <J.  Am.  M. 
Ass.,  Chicago,  v.  53  (19),  Nov.  6,  pp.  1529-1530.     [Wa,  Wm,  Wc] 
Dock,  George;  &  Lyons,  Randolph  [M.  D.,  New  Orleans,  La.]. 

1910. — Experiments  and  clinical  observations  on  the  effects  of  ipecac  on 
amebae  <Tr.  Ass.  Am.  Physicians,  Phila.  (25.  sess.,  Wash.,  D.  C,  May 
3-5),  v.  25,  pp.  515-527.     [Wa,  Wm.] 
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Dofleiu,  Franz.     [Dr.  phil.,  a.  o.  Prof.,  Zool.,  Univ.  Munchen.] 

1901  a. — Die  Protozoen  als  Parasiten  und  Krankkeitserreger,  nach  bio- 
logischen  Gesichtspimkten  dargestellt.  xiii+274  pp.,  220  figs.  8°.  Jena. 
[Wa.] 

1902  c. — Das  System  der  Protozoen  <Arch.  f.  Protistenk.,  Jena,  v.  1  (1), 
pp.  169-192,  figs.  A-C.     [MS.  dated  Dec.  1901.]     [Wa,  Win.] 

1907. — Sutdien    zur    Naturgeschichte    der    Protozoen.    5.    Amobenstudien. 

Erster  Teil   <  Ibidem,   Suppl.  1,  Festbd.  z.  25jahr.  Prof.-Jubil.   Richard 

Hertwig,  pp.  250-293,  figs.  A-R,  pis.  17-19,  figs.  1-57.     [Wm.] 
1909. — Lehrbuch    der    Protozoenkunde.    Eine    Darstellung    der    Naturge- 
schichte der  Protozoen  mit  besonderer  Beriicksicktigung  der  parasitischen 

und    pathogenen    Formen.     2.    Aufl.    der    Protozoen    als    Parasiten    und 

Krankheitserreger.     x+914  pp.,  825  figs.     8°.     Jena.     [Wa.] 
1911. — Idem.     3.  stark  vermehrte  Aufl.     xii+1043  pp.,  951  figs.     8°.     Jena. 

[Wa.] 
Doflein,  Franz ;  &  von  Prowazek,  St. 

1903. — Die    pathogenen    Protozoen    (mit    Ausnahme    der    Hamqsporidien) 

<Handb.  d.  path.  Mikroorganism.     (Kolle  &  Wassermann),  Jena,  v.  1, 

11.-12.  Lief.,  pp.  865-1006,  figs.  1-81.     [Wa.] 
Dopter,  Charles  Henri  Alfred.  [Dr.,  Med. -major  de  2e  classe ;  Prof,  agrege  libre 

du  Val-de-Grace.] 
1904. — Transmissibilite  de  la  dysenterie  amibienne  en  France;  importance 

de  1'examen  bacteriologique  dans  tout  cas  de  dysenterie  <Presse  medM 

Par.,  v.  12  (89),  5  now,  pp.  705-707,  figs.  1-2.     [Wm.] 
1905. — Ueber    in    Frankreich    vorgekommene    Uebertragung    von    Ainoben- 

dysenterie.     [Secretary's  abstract  of  paper  read  before  Soc.  med.  d.  hop., 

Par.,  28  oct.  1904]  < Munchen.  med.  Wchnschr.,  v.  52  (2),  10.  Jan.,  p.  99. 

[Wa,  Wm.] 
1905. — Effets  experimentaux  de  la  toxine  dysenterique  sur  le  systeme  ner- 

veux  <Ann.  de  l'lnst.  Pasteur,  Par.,  v.  19  (6),  25  juin,  pp.  353-366,  pi.  12, 

figs.  1-2.     [Wa,  Wm.] 
1905. — Sur  quelques  points  relatifs  a  Taction  pathogene  de  l'amibe  dysen- 
terique <Ann.  de  l'lnst.  Pasteur,  Par.,  v.  19  (7),  25  juillet,  pp.  417-425, 

pi.  13,  figs.  1-3.     [Wa,  Wm.] 
1907. — Note    histologique    fournie.     [See    Can.ssade    &    Joltrain,    1907,    pp. 

167-174;  and  1907,  pp.  101-102.]      [Read  15  few]     <Bull.  et  mem.  Soc. 

mem.  d.  hop.  de  Par.,  3.  s.,  v.  24,  p.  172.     [Wm.] 
1907.— Idem  <Tribune  med.,  Par.,  n.  s.,  v.  40  (7),  16  fev.,  p.  102.     [Wm.] 
1907. —  [Discussion   of  Caussade  &  Joltrain,   1907,   pp.   167-174.     [15  fev.] 

<Bull.  et  mem.  Soc.  med.  d.  hop.  de  Par.,  3.  s.,  v.  24,  pp.  176-177;  178. 

[Wm.] 
1907. — Dysenterie    <Prat.   med.-chir.,   Par.,   v.   2,   pp.   561-570,   figs.   77-78. 

[Wm.] 
1907. — Anatomie  pathologique  de  la  dysenterie  amibienne  <Arch.  de  med. 

exper.  et  d'anat.  path.,  Par.,  1.  s.,  v.  19  (4),  juillet,  pp.  505-541,  figs.  1-9, 

pis.  13-15.     [Wa,  Wm.]   . 
1908. — Traitenient  de  la  dysenterie  amibienne  par  la  creosote.     [Read  12 

fev.]     <Bull.  Soc.  de  path,  exot,  Par.,  v.  1  (2),  pp.  68-71;  discussion,  pp. 

71-72.     [Wm.] 
L909. — Traitement  de  la  dysenterie  amibienne  <Progres  med.,  Par.  (44),  30 

OCt,  pp.  553-555.      [Win.] 
1910.-  -Lea   dysenteries   epidemiologic   anatomic   pathologique,   clinique   et 

therapeutique.     210  pp.,  5  figs.     12°.     Paris.     [Wa.] 
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Dopter,  Charles  Henri  Alfred — Continued. 

1910. — Treatment  of  amoebic  dysentery   < Interna t.  Clin.,  Phila.  &  Lond 

20.  s.,  v.  2,  pp.  32-40.     [Wm.] 
Drigalski.     [Dr.,  Stabsarzt] 

1902. — Untersuchimgen.  (In  Beobachtungen  und  Untersuchungen  iiber  die 
Ruhr  (Dysenterie).  Die  Ruhrepidemie  auf  dem  Truppeniibungsplatz 
Doberitz  im  Jabre  1901  und  die  Ruhr  im  Ostasiatisehen  Expeditionskorps) 
<Veroffentl.  a.  d.  Geb.  d.  Mil.-San.-Wes.,  Berl.,  Heft  20,  pp.  86-109. 
[Wm.] 
Duncan,  Andrew.     [M.  B.,  B.  S.,  M.  D.,  F.  R.  C.  P.,  F.  R.  C.  S.] 

1902.— A  discussion  on  dysentery  <Brit.  M.  J.,  Loud.  (2177),  v.  2.  Sept.  20, 

pp.  841-843.     [Wa,  Wm.] 
1912.— Amoebic  dysentery  <J.  Trop.  M.  &  Hyg.,  Lond.,  v.  15  (2),  Jan.  15, 

pp.  24-25.     [Wa,  Wm.] 
1912. — Amoebic  dysentery   <J.   Lond.   Scbool  Trop.  Med.,  v.  1    (2),  Mar., 
pp.  149-152.      [Wa.] 
Dunglison.  Robley.      [M.   D.,  LL.  D. ;   Prof.,  Jefferson  Med.   College,  Philadel- 
phia, Pa.  | 
1893  a. — Medical  lexicon.     A  dictionary  of  medical  science  [etc.].     Revised 
by  Richard  J.  Dunglison.    21.  ed.,  xi+1181  pp.    4°.    Philadelphia.  [Wm.] 
1895  a.— Idem.    21.  ed.,  xi+1206  pp.    4°.    Philadelphia.     [Wm.] 
Duval,  H.  Rubens;  &  Lemarchal,  R. 

1910. — Cellules  simulant  des  amibes  et  cancer  a  evolution  anormale  <Arch. 
de  parasitol.,  Par.,  v.  14  (2),  30  oct,  pp.  319-329,  figs.  1-3.     [Wa.] 
Earle,   Samuel  T.     [Dr.] 

1905. — Amoebic   dysentery — cold   water   and  antiseptic   treatment.      [Read 
before  Baltimore  Med.-&  Surg.  Ass.,  Nov.  14,  1904]  < Virginia  M.     Semi- 
Month.,   Richmond    (213),   v.   9    (21),   Feb.    10,   p.   498;    discussion,   pp. 
498-499.     [Wa.] 
Ebstein,  Ludwig.     [Dr.,  Volontararzt,  med.  Klinik.] 

1901  a. — Ueber  einen  Protozoenbefund  in  einem  Falle  von  acuter  Dysenterie 
<Arch.  f.  exper.  Path.  u.  Pharmakol.,  Leipz.,  v.  46  (5-6),  3.  Oct.,  pp.  448- 
458,  pi.  2,  figs.  1^.     [Wa.] 
Edwards,  William  A.;  &  Waterman,  James  Sears. 

1892  a. — Hepatic  abscess;  report  of  a  case,  with  remarks  upon  the  Amoeba 
coli  <Pacific  M.  J.,  San  Fran.,  v.  35   (3),  Mar.,  pp.  129-141,  figs.  1-3. 
[Wm.] 
Eichberg,  Joseph.     [Prof.,  Physiol.,  Univ.  Cincinnati.] 

1891  a. — Hepatic  abscess  and  the  Amoeba  coli.     [Read  before  Cincinnati 
Med.  Soc,  Feb.  3]    <Med.  News,  Phila.   (971),  v.  59   (8),  Aug.  22,  pp. 
201-205.      [Wa,  Wm.] 
Eichhorst,  Hermann  Ludwig.     [Prof.,  Special  Path.  &  Therap. ;  &  Director,  Med. 
Clin.,  Univ.  Zurich. ] 
1901  a. — A  text-book  of  the  practice  of  medicine.     [Transl.  from  German 
by  Augustus  A.   Eshner.]      v.   1,  628   pp.,   84   figs.     8°.     Philadelphia   & 
London.      [Wm.] 
Ellis,  John  W.     [M.  D.,  Ph.  G.,  Lampasas,  Texas.] 

1907. — Report  of  a  case  of  amoebic  dysentery   <Texas  Cour.-Rec.   Med., 
Fort  Worth,  v.  24  (0),  Feb.,  pp.  1-2.     [Wm.] 
Elmassian,  M.      [Dr.] 

1909. — Sur  V Amoeba  blattae.  Morphologie  generation  <Arch.  f.  Protistenk., 
Jena,  v.  16  (2),  pp.  143-163,  figs,  a-g,  pi.  11,  figs.  1-33.  [MS.  dated  Nov.. 
1908.]      [Wa,  Wm.] 
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Elmassian,  M. — Continued. 

1909. — Snr  une  nouvelle  espece  ainibienne  chez  l'homine,  Entamoeba  minuta 
n.  sp.    lro  memoire.    Morphologie-evolution-pathogeiie  <Centralbl.  f.  Bak- 
teriol.  [etc.],  Jena,  1.  Abt.,  v.  52  (3),  19.  Nov.,  Orig.,  pp.  335-351,  2  pis. 
[Wa,   Win.] 
Engelmann,   Theodor   Wilhelm.      [Dr.   med.,   o.   Prof.,   Physiol.,   Univ.   Berlin; 
Editor,  Arch.  f.  Physiol.] 
1869  a. — Over  electrische  prikkeling  van  Amoeba  en  Arcella  <Onderzoek. 
ged.  in  h.  physiol.  Lab.  d.  Utrecht.  Hoogesch.,  2.   s.,  v.  2,  pp.  430-443, 
1  fig.     [Wm.] 
Entz,  Geza.     [Dr.,  Jun.] 

1912. — Ueber   eine  neue  Amobe  auf   Siisswasser-Polypen    (Hydra  oligactis 
Pall.)     <Arch.  f.  Protistenk.,  Jena,  v.  27  (1),  5.  Oct.,  pp.  19-47,  figs.  1-2, 
pis.  2-3,  figs.  1-19.     [Wa,  Wm.] 
Epstein,  Alois     [Prof.,  Prag.] 

1893  a. — Beobachtungen     iiber    Monocercomonas     hominis     (Grassi)     und 
Amoeba   coli    (Loesch)    bei   Kinder-Diarrhoen    <Prag.  med.   Wchnschr., 
v.  18  (38),  20.  Sept.,  pp.  463-465;   (39),  27.  Sept.,  pp.  475-476,  figs.  A-B ; 
(40),  4.  Oct.,  pp.  486^88.     [Wm.] 
Erdmann,  Rh.     [K.  Inst.  f.  Infektionskr.,  Berlin.] 

1910. — Depression     und     fakultative     Apogamie     bei     Amoeba     diploidea 
<Festschr.  z.  60.  Geburtst.  Richard  Hertwigs  (Miinchen),  Jena,  v.  1,  pp. 
323-348,  figs,  a-e,  pis.  25-26.     [Wm.] 
Fajardo,  Francisco.     [Dr. ;  Direktor,  Lab.  bacteriol.  federal,  Rio  de  Janeiro.] 
1896  a. — Ueber  amobische  Hepatitis  und  Enteritis  in  den  Tropen    (Bra- 
silien)   <Centralbl.  f.  Bakteriol.  [etc.],  Jena,  1.  Abt.,  v.  19  (20),.  4.  Juni, 
pp.  753-768,  figs.  1-10.     [Wa,  Wm.] 
Fantham,  H.  B.     [D.  Sc.  Lond.,  B.  A.  Cantab.,  A.  R.  C.  S.] 

1910. — Observations  on  the  parasitic  Protozoa  of  the  red  grouse  (Lagopus 
scoticus).     [Secretary's  abstract  of  1910,  pp.  692-708]    <Abstr.  of  Proc. 
Zool.  Soc.  Lond.  (84)    [May  10],  p.  30.     [Wa.] 
1910. — Observations  on  the  parasitic  Protozoa  of  the  red  grouse   (Lagopus 
scoticus),  with  a  note  on  the  grouse  fly.     [Read  May  3]    <Proc.  Zool. 
Soc.  Lond.  (3),  Oct.,  pp.  692-708,  pis.  59-61,  figs.  1-65.     [Wa.] 
1911. — On  the  amoebae  parasitic  in  the  human  intestine,  with  remarks  on 
the  life-cycle  of  Entamoeba  coli  in  cultures  <Ann.  Trop.  M.  &  Parasitol., 
Liverpool,  ser.  T.  M..  v.  5  (1),  Apr.  20,  pp.  111-123.     [Wa,  Wm.] 
Fantham,  H.  B. ;  &  Porter,  Annie. 

1911. — A  bee-disease  due  to  a  protozoal  parasite  (Nosema  apis).     [Exhibi- 
tion with  remarks,  Apr.  4]   <Proc.  Zool.  Soc.  Lond.   (3),  Sept.,  pp.  625- 
626.     [Wa.] 
1912. — Report  on  the  Isle  of  Wight  bee  disease  (microsporidiosis).     Section 
13:  Note  on  certain  Protozoa  found  in  bees  <J.  Bd.  Agric,  Lond.,  v.  19 
(2),  Suppl.   (8),  May,  p.  138.     [Wa.] 
Fearnside,  C.  F.     [M.  B.,  Major  I.  M.  S. ;  Med.  Supt,  Central  Prison,  Vellore.] 
1905. — Dysentery  in  the  prisons  of  the  Madras  Presidency  <Indian  M.  Gaz., 
Calcutta,  v.  40  (7),  July,  pp.  241-247,  charts  A-K,  2  tables.     [Wm.] 
Feinberg,  Ludwlg.     [Arzt.] 

1899  a. — Demonstration  von  Amoeben.     [Secretary's  abstract  of  paper  read 
before  Yer.  f.  Inn.  Med.,  Berl.,  9.  Jan.]  <Deutsche  med.  Wchnschr.,  Leipz. 
&  Berl.,  v.  25  (5),  2.  Feb.,  Ver.-Beilage,  pp.  26-27:     [Wa,  Wm.] 
L899.  -Ueber  Amdben  und  ihre  Unterscheidung  von  Korperzellen  <Fortschr. 
(1.  Med.,  Berl.,  v.  17  (4),  15.  Feb.,  pp.  121-127,  pis.  1-2.     [Wa,  Wm.] 
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Feldman.     [Dr.] 

3912. — Erfahrungen  mit  Ipekakuanha  bei  Dysenterie  <Arch.  f.  Schlffs-  u. 
Tropen-Hyg.,  Lelpz.,  v.  16  (6),  Miirz,  pp.  192-193.     [Wa,  Wm.] 
Fenoglio,  Ignazio.     [Prof.,  diret.,  clin.  mod..  Cagliari.] 

1890. — Entero-colite  par  Amoebae  coli  <Arch.   ital.  de  biol.,  Turin,   v.  14 

(1-2),  6  oct.,  pp.  02-70.     [Wm.] 
[1900]. — Sur  Taction  pathogene  de  1'  Amoeba  coli  <13.  Cong.  Internat.  de 

med.     C.  r.,  Par.,  2-9  aout,  sect,  path,  interne,  pp.  415-419.     [Win.] 
1904. — Sull'   azione  patogena   dell'  Amoeba  coli   (enterocolite  da   Amoeba 
coli)    <Giubileo  didattico  d.   Camillo  Bozzolo.   Raccolta   di   scrit.   med., 
Torino,  pp.  245-267.     [MS.  dated  genua io.]      [Wm.] 
Fernando,  H.  Marcus.     [Dr.,  B.  Sc.  Loud.] 

1904. — On  the  treatment  of  dysentery.  [Read  Nov.  12]  <J.  Ceylon  Br.  Brit. 
M.  Ass.,  Colombo,  v.  1   (2),  July-Dec,  pp.  56-60.     [Wm.] 
Fiaschi,  Thomas.     [M.  D.,  Ch.  D.,  Pisa  &  Florence.] 

1898  a. — Clinical  notes  on  a  case  of  amebic  abscess  of  the  liver  and  lung 
<Anstralas  M.  Gaz.,  Sydney  (207),  v.  17  (12),  Dec.  20,  pp.  511-512. 
[Wm.] 
1899. — Clinical  notes  on  a  case  of  amoebic  abscess  of  the  liver  and  lung 
<Indian  M.  Rec,  Calcutta,  v.  16  (4),  Jan.  25,  pp.  109-110;  pathological 
notes,  by  J.  L.  T.  Isbister,  pp.  110-111.  [Wm.] 
Fieblger,  Josef.     [Dr.  med.] 

1912. — Die  tierischen  Parasiten  der  Hans-  and  Nutztiere.     Ein  Lehr-  und 
Handbucli    mit    Bestimmungstabellen    fiir    Tierarzle    und    Studierende. 
xvi+424  pp..  302  figs.,  1  pi.     8°.     Wien  &  Leipzig.     [Wa.] 
Fink,  Lawrence  G.     [M.  B.,  C.  M.  Edinb.] 

1912. — Liver    abscess    treated    by   a    modification    of   the    Leonard   Rogers' 

method     <J.  Trop.  M.  &  Hyg..  Lond.,  v.  15   (22),  Nov.  15,  pp.  339-340. 

[Wa,  Wm.] 

Finley,  Frederick  Gault  [M.  D.,  London] ;  &  Adami,  J.  George  [M.  D.,  Montreal]. 

1894  a. — Amoebic  abscess  of  the  liver  <Montreal  M.  J.,  v.  22   (10),  Apr.. 

pp.  728-731.     [Wm.] 
1895.— Amoebic   abscess  of  the  liver.     [Remarks,    Feb.   23.   1S94]      <Proc. 
Montreal   Med.-Chir.    Soc.    (1892-94),   v.   7   pp.   375-378;    discussion,    pp. 
378-379.     [Wm.] 
Finley,  Frederick  Gault;  &  Wolbach,  S.  B.  [M.  D.,  Montreal]. 

1910. — A  case  of  amoebic  dysentery  with  abscess  of  the  liver,  originating  in 
Montreal  <Montreal  M.  J.,  v.  39  (6),  June,  pp.  389-394.     [Wm.] 
Fiori,  Telesforo.     [Dr.] 

1S96  a. — Sulla  vita  delle  amebe  dell'mtestino  dell'uomo  sano  e  malato  <Ann. 
d'ig.  sper.,  Roma,  n.  s.,  v.  6  (4).  pp.  467-473,  2  pis.     [MS.  dared  25  mar.] 
[Wm.] 
Fisch,  R. 

1904. — Leber   die   Behandlung   der   Amobendysenterie   und   einige   andere 
tropenmedizinische    Fragen    <Arch.    f.    Schiffs-    u.   Tropen-Hyg.,    Leipz., 
v.  8  (5),  Mai,  pp.  207-212.     [Wm.] 
Flexner,  Simon.     [  M.  D. ;  Prof.,  Path.,  Univ.  Penn.,  Phila.,  Pa.:  Director,  Rocke- 
feller Inst,  for  Infec.  Dis.,  New  York.] 
1892  c. — Amoebae  in  an  abscess  of  the  jaw  < Johns  Hopkins  Hosp.  Bull,. 

Bait.  (25),  v.  3,  Sept.,  pp.  104-106.     [Wa,  Wm.] 
1896  a. — A  c;ise  of  combined  protozoan  and  bacterial   infection.     Amoebic 
dysentery,   malaria,   and   Micrococcus   lanceolatus,   acute  fibrino-purulent 
peritonitis  < Johns  Hopkins  Hosp.  Bull.,  Bait.    (66-67),  v.  7.  Sept.-Oet., 
pp.  171-173.     [Wa.] 


220      SECTION   I.    HYGIENIC    MICROBIOLOGY  AND  PARASITOLOGY. 

Flexner,  Simon — Continued. 

1897  b. — Perforation  of  the  inferior  vena  cava  in  amoebic  abscess  of  the 
liver  <Am.  J.  M.  Sc,  Phila.  &  N.  Y.,  n.  s.  (301),  v.  113  (5),  May,  pp. 
553-558.     [Wm.] 

1900. — Dysentery.  [Abstract  of  paper  read  before  51.  Ann.  Meet.  Am. 
Med.  Ass.,  Atlantic  City,  N.  J.,  June  5]  <Phila.  M.  J.,  v.  5  (23),  June 
9,  p.  1262.     [Wa,  Wm.] 

1900  a. — Etiology  of  dysentery.  Chronic  dysentery.  Prospects  of  im- 
munity and  cure.  [Secretary's  abstract  of  paper  read  before  51.  Ann. 
Meet.  Am.  Med.  Ass.,  Atlantic  City,  N.  J.,  June  5]  <Med.  News,  N.  Y. 
(1430),  v.  76  (23),  June  9,  pp.  930-931.     [Wa,  Wm.] 

1900  b. — On  the  etiology  of  tropical  dysentery.  Middleton-Goldsmith  lec- 
ture, delivered  before  the  New  York  Pathological  Society,  April  12, 
1900  <Phila.  M.  J.,  v.  6  (9),  Sept.  1,  pp.  414-424.     [Wm.] 

1900  c. — The  etiology  of  tropical  dysentery.  [Same  as  1900  b,  abridged] 
<Brit.  M.  J.,  Loud.  (2074),  v.  2,  Sept.  29,  pp.  917-920.     [Wa,  Wm.] 

1900. — The  etiology  of  tropical  dysentery  <Centralbl.  f.  Bakteriol.  [etc.], 
Jena,  1.  AM.,  v.  28  (19),  30.  Nov.,  pp.  625-631.     [Wa,  Wm.] 

1901. — On  the  etiology  of  tropical  dysentery.  Middleton-Goldsmith  lecture 
<Proe.  N.  York  Path.  Soc.   (1899-1900),  pp.  297-337.     [Wm.] 

1901. — Etiology  of  dysentery-  [Read  before  51.  Ann.  Meet.  Am.  Med.  Ass., 
Atlantic  City,  N.  J.,  June  5-8,  1900]  <J.  Am.  M.  Ass.,  Chicago,  v.  36 
(1),  Jan.  5,  pp.  6-10.     [Wa,  Wm,  Wc] 

1901.— [Discussion  of  Harris,  H.  F.,  1901,  pp.  191-194]  <Proc.  Path.  Soc. 
Phila.,  o.  s.,  v.  22,  n.  s.,  v.  4  (8),  June  1,  pp.  194-196.     [Wm.] 

1907. — Amoeba — amoebae  of  the  intestinal  canal  in  man  <Syst.  Med.  (All- 
butt  &  Itolleston),  Lond.,  v.  2  (2),  pp.  530-535.     [Wm.] 

1909.— Amoeba  <Ibidem,  pp.  530-535;  542-544.     [Wa.] 
Forster,  W.  H.  C.     [M.  B.,  C,  M.,  Capt.] 

1907. — A  preliminary  note  on  the  application  of  vaccinotherapy  to  dysen- 
tery <Indian  M.  Gaz.,  Calcutta,  v.  42  (6),  June,  pp.  201-204.     [Wm.] 
Fraenkel. 

1906. — x\moben-    und    bakterieller    Dysenterie.       [Secretary's    abstract    of 
paper    read    before    Biol.    Abt.    d.    Aerztl.    Ver.,    Hamburg,    13.    Marz] 
<Munchen,  med.  Wchnschr.,  v.  53   (25),  19.  Juni,  p.  1232.     [Wa,  Wm.] 
Franca,  C. ;  &  Athias,  M. 

1906. — Recherches  sur  les  trypauosomes  des  amphibiens   <Arch.   r.   Inst. 
bacterid.  Camara  Pestana,  Lisb.,  v.  1   (1),  mai,  pp.  127-165,  figs.  1-25, 
pi.  3,  figs.  4-17;  pi.  4,  figs.  1-12.     [Wa.] 
Franchini,  G.     [Dr.,  Asst.  e  libero  Doc] 

1911. — Iiiproduzione  sperimentale  della  dissenteria  tropicale  da  Entameba 
nella  scimmia  <Malaria  e  mal.  d.  paesi  caldi,  Roma,  v.  2  (7),  luglio,  pp. 
189-195,  1  fig.,  1  pi.,  figs.  1-2 ;  resume  in  French  &  English,  p.  195.     [Wm.] 

1911. — Sull  azione  patogena  del]e  amebe  da  fieno  nei  conigli  <Ibidem  (10), 
ott.,  pp.  291-294;  resume  in  French  &  English,  pp.  294-295.     [Wm.] 
Franchini,  G. ;  &  Raspaolo,  D.  G. 

1911. — Sulla  coltivabilita  delle  amebe  da  fieno  <Malaria  e  mal.  d.  p;ie.si 
caldi,   Roma,   v.  2    (5),  maggio,  pp.   130-136,  1  pi.,  figs.  1-4;   resume  in 
French  &  English,  p.  336.    [MS.  dated  maggio.]     [Wm.] 
Frank. 

1911. — Amoebendysentei  Le.     1  Secretary's  abstract  of  paper  read  before  Wis- 
asch.   Ver  <l.  Mil.-Arzte  d.  Garnison,  Wien,  12.  Nov.  1910]   <l)eulsche 
med.  Wchnschr.,  Leipz.,  v.  37  (10),  9.  Miirz,  p.  480.     [Wa,  Wm.] 
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B'reer,  Paul  C.     [M.  I).,  Ph.  D.] 

1902. — Ti'O  preparation  of  benzoyl-acetyl  peroxide,  and  Ita  use  as  an 
tinal  antiseptic  in  cholera  and  dysentery.    Preliminary  notes  <[P 
t i <>ii]    (2),  Bureau  Gk)Vt.   Lab.,  Manila,    IT  pp.      [Wa.] 
Freund,  Hugo  A.     [Dr.,  Detroit,  Mich.] 

1909.— [Discussion  of  Simon,  Sidney  K.,  1909,  pp.  1526-1529]    <J.  Am.  M. 
Ass.,  Chicago,  v.  53  (19),  Nov.  0,  p.  1529.     !  Wa,  Wm,  Wc] 
Frosch.     [Geh.  Med.-Rat  Prof.] 

1909. — Beitrag  zur  Biologic  saprophytischer  Amoben   <Ztschr.   f.   Krebs- 
forsch.,  Berl.,  v.  8  (2),  pp.  183-194,  figs.  1-2,  pi.  1.     [Wm.] 
Frosch,  P.     [Dr.,  Asst.,  Inst.  f.  Infectionskrankh.,  Berlin.] 

1897  a. — Zur  Frage  der  Reinziichtung  der  Amoben.     (Vorliiufige  Mitteilung) 
<Centralbl.  f.  Bakteriol.  [etc.],  Jena,  1.  Abt.,  v.  21  (24-25),  10.  Juli,  pp. 
920-932.     [MS.  dated  13.  Jnni.]   [Wa,  Wm.] 
Funkhonser,  R.  M.     [M.  D.,  St.  Louis,  Mo.] 

1903. — A  case  of  amebic  dysentery.     [Bead  before  St.  Louis  Med.  8oc.,  Sept. 
26]   <St.  Louis  M.  Bev.   (1159),  v.  48   (20),  Nov.  14,  pp.  34&-S**,  1  fig.; 
note  by  Dr.  Gradwohl,  p.  344;  discussion,  p.  346.     [Wm.] 
Futcher,  Thomas  Barnes.     [M.  B.,  Ass.  Med.,  Johns  Hopkins  Univ.,  Baltimore, 
Md.] 

1902  a. — Biology  of  amebae  and  white  blood-cells.  [Abstract  of  remarks 
before  53.  Ann.  Sess.  Am.  Med.  Ass.,  Saratoga  Springs,  June  10]  <Med. 
News,  N.  Y.  (1535),  v.  SO  (24),  June  14,  p.  1162.     [Wa,  Wm.] 

1903  d. — A  study  of  the  cases  of  amebic  dysentery  occurring  at  the  Johns 
Hopkins  Hospital.  [Read  at  54.  Ann.  Sess.  Am.  Med.  Ass.]  <J.  Am.  M. 
Ass.,  Chicago,  v.  41  (8),  Aug.  22,  pp.  4S0-488.     [Wa,  Wm,  Wc] 

1909.— [Discussion  of  Simon,  Sidney  K.,  1909,  pp.  1526-1529]   <J.  Am.  M. 

Ass.,  Chicago,  v.  53  (19),  Nov.  6,  p.  1529.     [Wa,  Wm,  Wc] 
Gabbi,  Umberto.     [Prof.  Dr.,  Rom.] 

1906. — Sull'  etiologia  e  per  la  diagnosi  di  ascesso  epatico  <Riforma  med., 

Napoli,  v.  22  (17),  28  apr.,  pp.  449^59.     [Wm.] 
1911. — Dissenteria   tropicale  da  Entameba  tetragcna   <Malaria   e  mal.  d. 

paesi  caldi,  Roma,  v.  2   (5),  maggio,  pp.  136-138;   resume  in  French  & 

English,  p.  138.     [MS.  dated  mar.]      [Wm.] 
1911. — Dissenteria  tropicale  da  Entameba  tetragena  <Path.  Riv.  quindicin.. 

Genova   (60),  v.  3,  1°  maggio,  pp.  203-204.     [MS.  dated  mar.]      [Wm.] 
1912. — Ueber   Tropenkrankheiten    in    Suditalien    <Centralbl.    f.    Bakteriol. 

[etc.],  Jena,  1.  Abt.,  v.  02  (7),  21.  Marz,  Orig.,  pp.  5S0-58S.     [Wa,  Wm.] 
Gage,  John  G.     [M.  D.,  Ann  Arbor,  Mich.] 

1909. — A  case  of  amoebic  enteritis  with  Uncinaria,  Trichocephalus,  and  tri- 

chomonads,  showing  results  of  treatment  after  four  years  <N.  York  M.  J. 

[etc.]    (1618),  v.  90  (23),  Dec.  4,  pp.  1106-1109,  figs.  1-1.     [Wa,  Wm.] 
Gallager,  Harry.     [Dr.] 

1910. —  [Treatment  of  dysentery.]     [Abstract  of  discussion  before  Delaware 

Co.  Med.  Soc,  Chester,  Pa.,  Feb.  24]    <Penn.  M.  J.,  Athens,  v.  13   (7), 

Apr.,  p.  574.     [Wm.] 
Galloway,  James.     [M.  D.,  F.  R.  C.  S.,  M.  R.  C.  P. ;  Path.,  Great  North.  Centr. 

Hosp.] 
1894. — Report  on  the  pathology  [see  Manson,  Patrick,  1894,  p.  676]  <Brit. 

M.  J.,  Lond.  (1735),  v.  1,  Mar.  31,  pp.  676-677.     [Wm.] 
Gant,   Samuel   Goodwin.     [M.  D.,  LL.  D. ;   Prof.,  Rectal  &  Anal   Surg.,  N.  Y. 

Post  Grad.  Med.  School  &  Hosp.] 
1903  a. — Benign  ulcerations  of  the  bowels  and  anus  < Postgraduate,  N.  Y., 

v.  IS  (9),  Sept.,  pp.  739-744;  discussion,  pp.  744-755.     [Wm.] 
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Gant,  Samuel  Goodwin — Continued. 

1906. — Appendicostomy  and  cecostoniy  for  the  relief  of  chronic  diarrhea : 

Report  of  nine  cases.     [Read  before  Am.  Proctol.  Soc,  Boston,  June  6] 

<Boston  M.  &  S.  J.,  v.  155  (10),  Sept.  6,  pp.  258-260.     [Wm.] 
1909.— [Discussion  of  Simon,  Sidney  K.,  1909,  pp.  1526-1529]   <J.  Am.  M. 

Ass.,  Chicago,  v.  53  (19),  Nov.  6,  p.  1531.     [Wa,  Wm,  Wc] 
1910.— [Discussion  of  Hanes,  Granville  S.,  1910,  pp.  1140-1146]  <Kentucky 

M.  J.,  Bowling  Green,  v.  8  (1),  Jan.  1,  pp.  1147-1148.     [Wm.] 
Garin,  Ch.     [Interne  d.  hop.,  Lyon.] 

1910. — La   dysenterie  amibienne  autochtone   <Semaine   med.,   Par.,   v.   30 

(34),  24  aout,  pp.  397-398.      [Wm.] 
1911. — La  dysenterie  amibienne  autochtone.     [Read  22  nov.  1910]   <Bull. 

Soc.  med.  d.  hop.  de  Lyon  (1910),  v.  9,  pp.  420-426.     [Wm.] 
1911. — La  dysenterie  amibienne  autochtone  <Lyon  med.,  an.  43,  v.  116  (1), 

ler  Jan.,  pp.  20-26.     [Wm.] 
Gasser,  J.     [Dr.,  Med.  aide-major,  lre  classe.] 

1895  a. — Note  sur  les  causes  de  la  dysenterie   <Arch.  de  med.  exper.  et 

d'anat.  path.,  Par.,  1.  s.,  v.  7  (2),  ler  mars,  pp.  198-202.     [Wa,  Wm.] 
Gauducheau,  A.     [Dr.,  Med.-major,  T  classe  hors  cadre;  Directeur,  Inst,  vac- 

cinogene  du  Tonkin.] 
1906.— Reproduction  experimentale  de  la  dysenterie  amibienne  par  inocula- 
tion   intra veineuse  de  pus  d'abces  du  foie  <Gaz.  hebd.  d.  sc.  med.  de 

Bordeaux,  v.  27  (3),  21  Jan.,  pp.  25-26.     [Wm.] 
1906. — An  experimental  reproduction  of  amoebic  dysentery  by  intravenous 

inoculation  of  pus  from  a  hepatic  abscess  <J.  Trop.  M.,  Lond.,  v.  9  (4), 

Feb.  15,  pp.  52-53.     [Wa,  Wm.] 
1907. — Note  preliminaire  sur  la  culture  et  la  foncion  bacteriolytique  d'un 

protozoaire  amiboide  <Gaz.  hebd.  d.  sc.  med.  de  Bordeaux,  v.  28   (17), 

28  avril,  pp.  195-197.     [MS.  dated  4  mars.]     [Wm.] 
1907. — Culture  d'une  amibe  dysenterique  <Ibidem  (41),  13  oct,  pp.  486-489, 

figs.  1-6.     [MS.  dated  14  aout]     [Wm.] 
190S. — Formation  de  corps  spirillaires  dans  une  culture  d'amibe.     [Read 

21  mars]    <Compt.  rend.  Soc.  de  biol.,  Par.,  an.  60,  v.  64,  v.  1   (11),  27 

mars,  pp.  493^94.     [Wa,  Wm.] 
1908. — Presence  de  protozoaires  dans  un  papier.     [Read  13  mai]    <Bull. 

Soc.  de  path,  exot.,  Par.,  v.  1  (5),  pp.  297-298.     [Wm.] 
1909. — Sur  une  culture  amibienne  <Ibidem,  v.  2  (5),  12  mai,  pp.  247-252. 

[Wm.] 
1909. — Idem.     Deuxieme  note:  Etude  de  l'amibe  <Ibidem   (7),  21  juillet, 

pp.  370-374.     [Wm.] 
1909. — Idem.     Troisieme  note;  Corps  spirillaires  avec   les  planches  iii   et 

iv  <Ibidem  (10),  8  dec,  pp.  568-571,  pis.  3-4.     [Wm.] 
1911. — Cils  geants  et  corps  fuso-spirillaires  amibiens   <Compt.  rend.   Soc. 

de  biol.,  Par.,  v.  70  (5),  10  fev.,  pp.  172-173.     [Wa,  Wm,  Wc] 
1912. — Researches  in  the  multiplication  of  the  entamoeba e.     [Secretary's 

abstract  of  paper  read  before  2.  bien.  Cong.  Far  East.  Ass.  Trop.  M., 

Hong  Kong]    <J.  Trop.  M.  &  Hyg.,  Lond.,  v.  15    (20),  Oct.  15,  p.  313. 

[Wa.  Wm.] 
Gedoelst,  L.     [Prof.,  Ecole  de  med.  vet.  de  l'etat,  Bruxelles.] 

1913. — Synopsis  do  parasitologic  de  l'homme  et  des  animaux  domestiques. 

xx-f-'w2  pp.,  327  figs.     8°.     Lierre  &  Bruxelles.     [Wa,  Lib.  Ransom.] 
Gerould,  John  II. 

1906. — Amoeba  blattae  and  amoeboid  motion  <Science,  N.  Y.   (592),  n.  s., 

v.  2.'5.  May  4,  pp.  707-710.     [Wa.  Wm,  Wc] 
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Gerry,  B.  Peabody.     [M.  D.,  Jamaica  Plains,  Mass.] 

1892  a. — A  case  of  amoebic  dysentery.     [Rend  June  8]    <J.  Am.  M.  Ass., 
Chicago,  v.  19  (4),  July  23,  pp.  101-104.     [Wm.] 
Gerry,  E.  Peabody;  &  Fitz,  Reginald  H. 

1891  a.— A  case  of  amoebic  dysentery  <Bos'on  M.  &  S.  J.,  v.  125  (23),  Dec. 
3,  pp.  592-593.     [Wm.] 
Gibbon,  John  H.     [Dr.] 

1902.— Liver  abscess,   probably   of  amoebic  origin.     [Abstract  of  remarks 
before  Phila.  Acad.  Surg.,  Mar.  3]   <Ann.  Surg.,  Pliila.,  v.  3G  (1),  July, 
pp.  148-150.     [Wm.] 
1903. — Liver  abscess,  probably  of  amoebic  origin.     [Remarks,  Mar.  3,  1902] 
<Tr.  Phila.  Acad.  Surg.,  v.  5,  pp.  53-55.     [Wm.J 
Giffard,  G.  G.     [Capt.  I.  M.  S.] 

1907. — Hepatic  abscess,  and  some  points  in  the  diagnosis  of  multiple  hepatic 
abscess.     [Read  before  Madras  Br.  Brit.  Med.  Ass.]   < Indian  M.  Gaz., 
Calcutta,  v.  42  (1),  Jan.,  pp.  14-17;  discussion,  pp.  17-18.     [Wm.] 
Glaeser,  Hans. 
1912. — Untersuchungen  iiber  die  Teilung   einiger  Amoben,  zugleich  ein  Beitrag 
zur  Phylogenie  des  Centrosoms  <Arch.  f.  Protistenk.,  Jena,  v.  25   (1), 
pp.  27-152,  figs.  1-5,  pis.  3-8,  figs.  1-93.     [Wa,  Wm.] 
Goldlee,  Rickman. 

1902  a. — Tropical  abscess  of  the  liver.     [Secretary's  abstract  of  paper  read 
before  Roy.  M.  &  Chir.  Soc,  Lond.,  May  13]  <Brit.  M.  J.,  Lond.  (2159), 
v.  1,  May  17,  p.  1210.     [Wa,  Wm.] 
Goldsmith,  F.     [Govt.  Med.  Off.,  Australia.] 

1901a. — The  life  cycle  of  Amoeba  dysentcrica  <J.  Trop.  M.,  Lond.,  v.  4 
(22),  Nov.  15,  pp.  372-374.     [Wm.] 
Goltman,  M.     [C.  M.,  M.  D.,  Memphis,  Tenn.] 

1903. — The  treatment  of  acute  and  chronic  dyentery.     [Read  before  Tri- 
State  Med.  Ass.   (Miss.,  Ark.  &  Tenn.),  Memphis,  Nov.  12,  1902]   <Mem- 
phis  M.  J.,  v.  23  (2),  Feb.,  pp.  73-S2.     [Wm.] 
1905.— [Discussion  of  Tuttle,  James  P.,  1905,  pp.  348-353]   <Lancct-Clink\ 
Cincin.,  v.  94,  n.  s.,  v.  55,  Sept.  23,  p.  355.     [Wm.] 
Goodhue,  E.  S.     [M.  D.] 

1906. — Hawaii  as  a  field  for  scientific  work  in  tropical  medicine.     [Abridged 
from  paper  read  before  Hawaiian  Territorial  Med.  Soc,  Honolulu]   <J. 
Am.  M.  Ass.,  Chicago,  v.  46  (21),  May  26,  pp.  1583-1584.     [Wa,  Wm.] 
Gottstein,  Ernst.     [Dr.] 

1903. — Ueber  Zuchtung  von  Amoben  auf  festen  Nahrboden   <Hyg.  Rund- 
schau, Berl.,  v.  13  (12),  15.  Juni,  pp.  593-596.     [Wa.  Wm.] 

Gould,  George  M. 

1S91.— The  Amoeba  coli.     [Editorial]   <Med.  News,  Phila.,  v.  59   (4),  July 
25,  pp.  107-108.     [Wa,  Wm.] 
Gradwohl,  R.  B.  H.     [Dr.] 

1902.— [Discussion  of  Nietert,  H.  L.,  1902,  pp.  55-61]   <St.  Louis  M.  Rev. 

(1091),  v.  46  (4),  July  26,  p.  65.     [Wm.] 
1903.— [Note  to  Funkhouser,  R.   M.,  1903,  pp.  343-344]    <Ibidem    (1159), 
v.  48  (20),  Nov.  14,  p.  344;  discussion,  p.  346.     [Wm.] 

Graham,  Henry  Gereon.     [M.  D.,  Chicago,  111.] 

1S99  a. — The  Amoeba  cilia?*ia  [ciliata]  in  disease  <N.  York  M.  J.  (1087), 
v.  70  (14),  Sept.  30,  pp.  477-482;  (1088)  (15),  Oct.  7,  pp.  515-520. 
[Wa,  WTm.] 
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Graham,  St.  Joseph  B.     [M.  D. ;  Co-editor,  Georgia  J.  M.  &  S.,  Savannah.] 

1900  a. — A  preliminary  report  of  the  discovery  of  Ameba  and  Plasmodia  in 

cultures  from  the  blood  of  persons  suffering  with  malaria  and  paludal 

fevers,  and  the  discovery  of  motile  bodies  in  human  blood-plasma  and 

their  growth  in  pure  culture,  with  some  remarks  pertaining  to  the  sub- 
ject.    [Read  before  Georgia  M.  Ass.,  Apr.,  1899]    <Georgia  J.  M.  &  S., 

Savannah,  v.  6  (2),  Feb.,  pp.  55-58.     [Win.] 
Graser,  H.  R.  A.     [Dr.] 

1900  a. — Amoebic  colitis.     [Secretary's  abstract  of  report  before  N.   York 

Acad.  Med.,  Feb.  20]    <Med.  News,  N.  Y.    (1418),  v.  76    (11),  Mar.  17, 

p.  433.     [Wa,  Win.] 
1900. — Amoebic   dysentery   in   animals.     [Secretary's  abstract   of   remarks 

before  N.  York  Acad.  Med.,  Feb.  20]  <Ibidem,  p.  434.     [Wa,  Win.] 
Grassi,    Giovanni    Battista.     [Prof,    ord.,   Anat.    comp. ;    Direttore,    Gab.    Anat. 

coinp.,  Univ.  Roma.] 
1879  n. — Dei  protozoi  parassiti  e  specialmente  di  quelli  che  sono  nell'  uomo 

<Gazz.  med.  ital.  lomb.,  Milano,  v.  39,  8.  s.,  v.  1  (45),  8  nov.,  pp.  445-448. 

[Wm.] 
1881. — Contribuzione  alio  studio  delle  amibe  <R.  1st.  Lomb.  di  sc.  e  lett. 

Rendic,  2.  s.,  v.  14,  pp.  353-356.     [Wc] 
1882  a. — Intorno    ad   alcnni   protisti    endoparassitici    ed   appartenenti    alle 

classi  dei  flagellati,  lobosi,  sporozoi  e  ciliati.     Memoria  di  parassitologia 

comparata  <Atti  Soc.  ital.  di  sc.  nat,  Milano,  v.  24  (2-3),  feb.,  pp.  135- 

224,  pis.  1-4.     [Ws.] 
18SS  b. — Morfologia  e  sistematica  di  alcuni  protozoi  parassiti.     Nota  pre- 

liminare  <Atti  r.  Accad.  d.  Lincei,  Roma.     Rendic,  an.  285,  4.  s.,  v.  4, 

1.  semestre  (1),  8  genua io,  pp.  5-12.     [Ws.] 
1888  e. — Significato  patologico  dei  protozoi  parassiti  dell'  uomo.     (Questa 

nota  forma  quasi  un'appendice  alia  mia  precedente)    <Ibidem    (2),  22 

gennaio,  pp.  83-89.     [Ws.] 
Greig,  E.  D.  W.  [Major]  ;  &  Wells,  R.  T.  [Capt.]. 

1911. — An   enquiry   on   dysentery  and  liver  abscess   in   Bombay    <Scient. 

Mem.  Off.  Med.  &  San.  Dept.  Govt.  India,  Calcutta,  n.  s.   (47),  pp.  1-78, 

charts  1-12,  1  diagram,  tables  1-3,  3  pis.,  32  figs.     [Wa,  Wm.] 
Grimm,  F[erdinand].     [Dr.,  Berlin.] 

1894  a. — Ueber  einen  Leberabscess  und  einen  Lungenabscess  mit  Protozoen 

<Arch.  f.  klin.  Chir.,  Berl.,  v.  48  (2),  pp.  478-482,  pi.  7,  figs.  1-12.     [Wm.] 
Gros,  G.     [Dr.,  Moscou.] 

1849  a. — Fragments  d'helminthologie  et  de  physiologie  miscroscopique  <Bull. 

Soc.  imp.  d.  nat.  de  Moscou,  v.  22   (2),  pp.  549-573,  pis.  5-6.     [Wc] 
Gross,  Alfred.     [Dr.,  Oberarzt  d.  Klinik.] 

1903. — Beobachtungen  fiber  Amobenenteritis  <Deutsches  Arch.  f.  klin.  Med., 

Leipz.,  v.  76   (4-5),  IS.  Juni,  pp.  429^49,  pis.  16-17,  figs.  l-6b.     [Wm.] 

Grosse-Allermann,  Wilhelm.     [Elberfeld.] 

1909. — Studien  fiber  Amoeba  terricola  Greeff  <Arch.  f.  Protistenk.,  Jena,  v. 
17  (2),  pp.  203-257,  figs.  A-M,  pis.  11-13,  figs.  1-27.     [Wa,  Wm.] 

Gruber,  Karl.     [Dr.] 

1911. — Ueber    eigenartige    Korperformen    von   Amoeba   proteus    <Arch.    f. 
Protistenk.,  Jena,  v.  23   (3),  pp.  253-261,  figs.  1-1     [Wa,  Wm.] 

Guiart,  J.     [Prof.,  Faculto  de  med.,  Lyon.] 

1910.—  PnVis   de   parasitologic      [xii]    +    628   pp.,   549   figs.     12°.     Paris. 
[Wa.] 
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Guiart,  J. — Continued. 

TOIL — Peeudo-parasitisme  des  infnsoires  dans  I'inteatin  de  1'hoinme.    [Read 
before  Soc.  med.  d.  hop.  de  Lyon,  7  fev.]  <Lyon  med.,  an.  43,  v.  116  (19). 
7  mai,  pp.  849-853,  figs.  1-10.     [Wm.] 
de  Haan,  J.;  &  Kiewiet  de  Jonge,  G.  W. 

1903. — Aanteekeuingen   over   tropische   dysenterie    <Geneesk.   Tijdsclir.    v. 
Nederl.-Indie,  batav.,  Deel  43   (3),  pp.  313-330,  charts.     I  Wc.  ] 
Hadley,  F.  A.     [Sheffield.] 

1908. — [Tropical  abscess  of  liver.]     [Abstract  of  discussion  before  76.  Ann. 
Meet.  Brit.  Med.  Ass.,  Sheffield,  July]   <Brit.  M.  J.,  Loud.    (2495),  v.  2. 
Oct.  24,  p.  1254.     [Wa,  Wm.] 
Hadley,  Philip  B. ;  &  Amison,  Elizabeth  E. 

1911. — Further  studies  on  blackhead  in  turkeys  < Centra lbl.  f.  Bakteriol. 
[etc.],  Jena,  1.  Abt.  v.  58  (1),  6.  Miirz,  Orig.,  pp.  34^1.     [Wa,  Wm.] 
Hanes,  Granville  S.     [M.  D.,  Prof.,  Dis.  Rectum,  Med.  Dept,  Univ.  Louisville.] 
1909. — Amebic  dysentery.    A  preliminary  note  based  on  clinical  and  patho- 
logical studies  <J.  Am.  M.  Ass.,  Chicago,  v.  52  (25),  June  19,  pp.  1990- 
1992.     [Wa,  Wm,  Wc] 
1909. — Treatment  of  chronic  amebic  dysentery.     [Remarks  before  Ky.  State 
Med.  Ass.,  Louisville,  Oct.  19-21]  <Proctologist,  St.  Louis,  v.  3  (4),  Dec, 
pp.  257-258.     rWm.] 
1910. — Treatment   of  chronic  amebic  dysentery.     [Read  before  Ky.   State 
Med.  Ass.,  Louisville,  Oct.  19-21]  <Kentucky  M.  J.,  Bowling  Green,  v.  8 
(1),  Jan.  1,  pp.  1140-1146,  figs.  1-3;  discussion,  pp.  1147-1149.     [Wm.] 
1910. — A  case  of  dysentery  with  demonstration  of  motile  Ameba  on  the 
screen.     (Presentation  of  patient)  < Ibidem  (10),  June  15,  pp.  1639-1641; 
discussion,  p.  1641.     [Wm.] 
Hara,  S.     [Asst.-Arzt,  Dr.  med.] 

1910. — Bietriige  zur  Kenntnis  der  Amoben-Dysenterie  <Frankf.  Ztschr.  f. 
Path.,  Wiesb.,  v.  4  (3),  pp.  329-371,  figs.  1-2,  pis.  21-23,  figs.  1-6.     [MS. 
dated  Dec.  190S.]     [Wm.] 
Hare,  Hobart  A.     [Dr.,  Philadelphia,  Pa.] 

1909.— [Discussion  of  Simon,  Sidney  K.,  1909,  pp.  1526-1529]   <J.  Am.  M. 
Ass.,  Chicago,  v.  53  (19),  Nov.  6,  p.  1530.     [Wa,  Wm,  Wc] 
Harold,  John.     [Med.  Registrar,  Charing  Cross  Hosp.] 

1892  a. — Case  of  dysentery  with  Amoeba  coli  in  the  stools  <Brit.  M.  J., 
Lond.  (1670),  v.  2,  Dec.  31,  p.  1429.     [Wa,  Wm.] 

Harris,  H[enry]  F.     [M.  D.,  Atlanta,  Ga.] 

1892  a. — Three  cases  of  amebic  dysentery   <Med.  News,  Phila.    (103S),  v. 

61  (23),  Dec.  3,  pp.  631-632.     [Wa,  Wm.] 
1894  a. — Some  observations  on  a  method  of  multiplication  of  the  Amoeba 

dysenteriae  (Amoeba  coli)   <Med.  News,  Phila.  (1141),  v.  65  (21),  Nov. 

24,  pp.  567-569,  figs.  1-3.     [Wm.] 
1898  a. — Amoebic  dysentery.     [Read  before  Nashville  Acad.   Med.]    <Am. 

J.  M.  Sc,  Phila.,  n.  s.   (312),  v.  115  (4),  Apr.,  pp.  3S4-413,  figs.  1-2,  4-5, 

1  pi.     [Wm.] 
1901  a. — On  the  alterations  produced  in  the  large  intestines  of  dogs  by  the 

Amoeba,  coli,  by  heat,  and  by  various  chemic  substances,  with  notes  on 

the  anatomy  and  histology  of  the  viscus.     A  research  carried  on  under 

the  auspices  of  Nathan  L.  Hatfield  Prize  Committee  of  the  College  of 

Physicians  and  Surgeons  of  Philadelphia,     xviii+19-143  pp.,  14  pis.     8°. 

Philadelphia.     [Wm.] 
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Harris,  H[enry]  F. — Continued. 

1901. — Experimental   dysentery   in   dogs,   with   exhibitions   of  microscopic 

specimens  <Proc.  Path.  Soc,  Phila.,  o.  s.,  v.  22,  n.  s.,  v.  4   (8),  June  1, 

pp.  191-194 ;  discussion,  pp.  194-196.     [Win.] 
1901. — Experimentell    bei    Hunden    erzeugte    Dysenteric     [Transl.    by    C. 

Davidsohn]   <Arch.  f.  path.  Anat.  [etc.],  Berl.,  v.  166,  16.  F.,  v.  6  (1), 

11.  Oct.,  pp.  67-77.     [Wa,  Wm.] 
1903  a. — Pathology  and  clinical  history  of  amebic  dysentery.     [Read  at  54. 

Ann.  Sess.  Am.  Med.  Ass.]  <J.  Am.  M.  Ass.,  Chicago,  v.  41  (8),  Aug.  22, 

pp.  476-480.     [Wa,  Wm,  Wc] 

Hart,  Thomas. 

1903  a. — The  preparation  of  permanent  stained  specimens  of  Amoeba  coli 
<J.  Trop.  M.,  Lond.,  v.  6  (24),  Dec.  15,  p.  380.     [Wa,  Wm.] 
Hartmann,  Max.     [Dr.,  K.  Inst.  f.  Infektionskrankh.,  Berlin.] 

1907. — Das  System  der  Protozoen.  Zugleich  vorlaufige  Mitteilung  iiber 
Proteosoma  [Labbe]  <Arch.  f.  Protistenk.,  Jena,  v.  10  (1),  pp.  139-158, 
figs.  A-C.     [Wa,  Wm.] 

1908. — Eine  neue  Dysenterieamobe,  Entamoeba  tetragena  (Viereck)  syn. 
Entamoeba  africana  (Hartmann).  [Read  before  Deutsch.  tropenmed. 
Gesellsch.  in  Hamburg,  15.  Apr.]  <Beiheft.  z.  Arch.  f.  Schiffs-  u.  Tropen- 
Hgy.,  Leipz.,  v.  12  (5),  Aug.,  pp.  117-127  [pp.  217-227].     [Wm.] 

1909. — Untersuchnngen  iiber  parasitische  Amoben.  1.  Entamoeba  histoly- 
tica Schaudinn  <Arch.  f.  Protistenk.,  Jena,  v.  18  (2),  pp.  207-220,  pi.  13, 
figs.  1-25.     [Wa,  Wm.] 

1909. — Polyenergide  Kerne.  Studien  fiber  multiple  Kernteilungen  genera- 
tive Chromidien  bei  Protozoen.  [Read  before  Gesellsch.  naturf.  Fr.  in 
Berl.,  9.  Marz]  <Biol.  Centralbl.,  Leipz.,  v.  29  (15),  1.  Aug.,  pp.  481-187, 
figs.  1-2;   (16),  15.  Aug.,  pp.  491-506,  figs.  3-12.     [Wa.] 

1910. — Nova  ameba  intestinal,  Entamoeba  testudinis  n.  sp.  [Portuguese 
and  German  text]  <Mem.  Inst.  Oswaldo  Cruz,  Rio  de  Janeiro-Man- 
guinhos,  v.  2  (1),  abril,  pp.  3-10,  pi.  1,  figs.  1-9.  [MS.  dated  Nov.  1909.] 
[Wa.] 

1911. — Die  Konstitution  der  Protistenkerne  und  ihre  Bedeutung  fur  die 
Zellenlehre.     iv  pp.,  1  p.  1.,  54  pp.,  13  figs.     8°.     Jena.     [Wa.] 

1911. — Die  Dysenterie-Anioben  <Handb.  d.  path.  Protozoen  (v.  Prowazek), 
Leipz.,  1.  Lief.,  pp.  50-66,  figs.  1-36,  pi.  1,  figs.  1-6.     [Wa.] 

1912. — Untersuohungen    fiber    parasitische    Amoben.     2.  Entamoeba    tetra- 
gena  Viereck   <Arch.  f.  Protistenk.,  Jena,  v.  24   (3),  pp.  163-181,  figs. 
A-D,  pis.  15-16,  figs.  1-46.     [Wa,  Wm.] 
Hartmann,  Max;  &  Chagas,  Carlos  [Dr.]. 

1910. — Estudos  sobre  flajelados.  [Portuguese  &  German  text]  <Mem. 
Inst.  Oswaldo  Cruz,  Rio  de  Janeiro-Manguinhos,  v.  2  (1),  abril,  pp. 
64-125,  figs.,  pis.  4-9,  figs.  1-91.     [Wa.] 

1910. — Sobre  a  divizao  nuclear  da  Amoeba  hyalina  Dang.  [Portuguese  & 
German  text]  <Mem.  Inst.  Oswaldo  Cruz,  Rio  de  Janeiro-Manguinhos, 
v.  2  (2),  pp.  159-167,  pi.  10,  figs.  1-17.     [MS.  dated  Nov.  1909.]     [Wa.] 

Hartmann,  Max ;  &  Naegler,  K. 

1908. — Copulation  bei  Amoeba  diploidea  n.  sp.  mit  Selbstandigbleiben  der 
Gametenkerne  wahrend  des  ganzen  Lebenszyklus.  [Read  5.  Mai]  <Sit- 
zungsb.  d.  Gesellsch.  naturf.  Fr.  zu  Berl.  (5),  12.  Mai,  pp.  112-125,  pis. 
5-6,  figs.  1-15;  Vorbemerkung  by  Hartmann,  pp.  112-113.     [Wa.] 
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Ilartmann,  Max;  &  von  Prowazek,  81 

1907. — Blepharoplast,  CaryoBom   mid   Centrosom.     Ein  Beitrag  zur  Lehre 
von  der  Doppelkemigkeit  der  Zelle   <Arch.  f.  Protistenk.,  Jena,  v.   10 
(2-3),  pp.  306-335,  figs.  1-8     [Wa,  Win  I 
Hartmann,  Max;  &  Whitmore,  ESugeo  K. 

1912. — Untersucliungen  iiber  parasitische  Amoben.     3.  Entamoeba  coli  Lusch 
em.  Schawl  inn  <Arch.  f.  Protistenk.,  Jena,  v.  24   (3),  pp.  182-194,  figs. 
A-B,  pis.  17-18,  figs.  1-29.     IWa,  Wm.] 
Hartsock,  Frederick  M.     [M.  D.,  U.  S.  Army.] 

1904  a. — The  dysentery  of  the  tropics,  with  special  reference  to  our  insular 
possessions  <  N.  York  M.  J.  [etc.]   (1337),  v.  80  (3),  July  16,  pp.  107-109. 
[Wa,  Wm,  Wa] 
Ilarvie,  J.  B.  [M.  D.]  ;  &  Carey,  H.  W.  [M.  D.]. 

1911. — A  rapidly  fatal  case  of  amoebiasis  with  abscess  of  the  liver  originat- 
ing in  the  village  of  Green  Island,  New  York   <N.  York  M.  J.    [etc.] 
(1677),  v.  93  (3),  Jan.  21,  pp.  127-128.     [Wa,  Wm.] 
Harz,  Karl  Otto.     [Dr.  phil. ;  Prof.,  Botan.,  k.  tieriirztl.  Hochschule,  Munchen.] 
1885  a. — Amoba  coli  Losch  <Encycl.  d.  ges.  Thierh.  u.  Thierzucht  (Koch), 
Wien  &  Leipz.,  v.  1,  p.  146.     [Wa.] 
Hassall,  Albert.     [M.  R.  C.  V.  S. ;  Asst.  Zool.,  Bureau  Animal  Indust,  U.  S.  Dept. 
Agriculture,  Washington,  D.  C] 
1896  b. — Check  list  of  the  animal  parasites  of  turkeys  (Meleagris  gallopavo 
mexicana)    <Circular   12,   Bureau   Animal   Indust.,   U.   S.   Dept.   Agric, 
Wash.,  3  pp.     [Wa.] 
Hassler  [Dr.,  Med.-major,  lre  classe]  ;  &  Boisson  [Dr.,  M£d.-major,  2e  classe]. 
1896. — Etude  sur  les  abces  dysenteriques  du  foie  <Rev.  de  m§d.,  Par.,  v.  16 
(10),  10  oct,  pp.  785-798.     [Wm.] 
Head,  George  Douglas;  &  Ulrich,  Henry  L. 

1904. — Some  notes  on  a  case  of  chronic  dysentery  with  Amebae  coli  in  the 
stools  <Northwest.  Lancet,  Minneapolis,  v.  24  (13),  July  1,  pp.  249-250. 
[Wm.] 
Hehir,  Patrick.     [Surg.-Capt ;  Lecturer,  Path.  &  Clin.  Med..  Hyderabad  Med. 
School.] 
1892  b. — The  Amoeba  coli;  its  relations  to  dysentery  and  tropical  suppura- 
tive hepatitis  <Indian  M.  Gaz.,  Calcutta,  v.  27  (11),  Nov.,  pp.  321-323, 
[Wm.] 
Heiser.     [Dr.] 

1910.— [Discussion  of  Bowman,  1910,  p.  846]   <Med.  Rec  N.  Y.    (2062), 
v.  77  (20),  May  14,  p.  846.     [Wa,  Wm.] 
Hektoen,  Ludvig.     [M.  D.,  Prof.,  Path.,  Rush  Med.  College,  Chicago,  111.] 

1892  a. — A  case  of  amoebic  dysentery  <N.  Am.  Pract,  Chicago,  v.  4  (12), 

Dec.,  pp.  554-560,  figs.  1-5.     [Wm.] 
1892  b.— Idem  <Chicago  M.  Recorder,  v.  3  (8),  Oct.,  pp.  649-654.     [Wm.] 
Henderson,  Edward.     [M.  D.,  Edinburgh.] 

1902  a. — [Discussion  on  dysentery]   <Brit.  M.  J.,  Lond.   (2177),  v.  2,  Sept. 
20,  pp.  851-852.     [Wa,  Wm.] 
Herrick,  A.  B.     [M.  D.,  Chief,  Surg.  Clin.,  Ancon  Hosp.] 

1909. — The   surgical   treatment   of  very   severe  and   late  cases   of  amebic 
dysentery.     [Read  before  Canal  Zone  Med.  Soc,  Aug.]  <Med.  Rec.,  N.  Y. 
(2036),  v.  76  (20),  Nov.  13,  pp.  810-812.     [Wa,  Wm.] 
Herrick,  W.  W.     [M.  D.,  New  York.] 

1910. — Pernicious  anemia  mistaken  for  amebic  ulcerative  colitis.  With 
observations  on  the  ipecac  treatment  <Arch.  Int.  Med.,  Chicago,  v.  6  (6), 
Dec.  15,  pp.  662-665      [Wm.] 
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Heubner. 

1906.— [Discussion  of  Juergens,  1906,  pp.  1607-1608]  <Berl.  klin.  Wchnschr., 
v.  43  (50),  10.  Dec,  p.  1608.     [Wa,  Wm.] 
Hickson,  S.  J.     [Prof.,  F.  R.  S.] 

1909. — The  lobosa  <Treatise  on  Zool.   (Lankester),  Lond.,  pt.  1,  Introduc- 
tion &  Protozoa  (1),  pp.  68-93,  figs..  1-21.     [Wa.] 

Hirschfeld,  Ludwig.     [Asst.,  Inst.] 

1909. — Ein  Versuch  einige  Lebcnserscheinungen  der  Amoben  physikalisch- 

chemisch  zu  erklaren   <Ztschr.  f.  allg.  Physiol.,  Jena,  v.  9    (3-4),  pp. 

529-534.     [Wm.] 
Holt,  John  Milton.     [Phil.  B.,  M.  D. ;  Passed  Asst.  Surg.,  U.  S.  Pub.  Health  & 

Mar.-Hosp.  Serv.] 
1907. — Amoebic  dysentery    (chronic),  a  surgical  disease   <N.  York  M.  J. 

(1511),  v.  86  (20),  Nov.  16,  pp.  920-923.     [Wa,  Wm.] 
1907. — Amebic  dysentery  (chronic),  a  surgical  disease  <Mil.  Surg.,  Carlisle, 

Pa.,  v.  21   (6),  Dec.  pp.  517-526.     [Wm.] 
1908. — Medical  versus  surgical  treatment  of  amebic  dysentery  <J.  Am.  M. 

Ass.,  Chicago,  v.  51  (25),  Dec.  19,  pp.  2140-2143.     [Wa,  Wm,  Wc] 
1909. — Medical  versus  surgical  treatment  of  amoebic  dysentery  <Mil.  Surg., 

Richmond,  Va.,  v.  24  (1),  Jan.,  pp.  39^9.     [Wm.] 
Hooton,  A.     [Major  I.  M.  S. ;  Agency  Surg.,  Kathiawar.] 

1908. — The  treatment  of  abscess  of  the  liver  by  aspiration  and  injection  of 

quinine.     [Read  before  76.  Ann.  Meet.  Brit.  Med.  Ass.,   Sheffield,  July] 

<Brit.  M.  J.,  Lond.  (2495),  v.  2,  Oct.  24,  pp.  1251-1252.     [Wa,  Wm.] 

Hoppe-Seyler,  G.     [Kiel.] 

1901. — Dysenterie  und  Amobenenteritis  < Deutsche  Klinik,  Berl.  &  Wien,  v. 

2,  Infectionskr.,  Lief.  36-38,  pp.  133-168,  figs.  8-12.     [Wm.] 
1904  a. — Ueber  Erkrankung  des  Wurmfortsatzes  bei  chronischer  Amoben- 
enteritis.    [Read  before  Physiol.  Ver.,  Kiel]  <Miinchen.  med.  Wchnschr., 
v.  51  (15),  12.  Apr.,  pp.  646-649,  1  fig.     [Wa,  Wm.] 
Howard,  William  Travis   (jr.).     [M.  D.,  Prof.,  Path.,  Western  Reserve  Univ., 
Cleveland,  Ohio.] 
1892  a. — The  Ameba  coli:  Its  importance  in  diagnosis  and  prognosis.     With 
the  report  of  two  cases.     [Read  at  Semi-Ann.  Meet.  Med.  &  Chir.  Faculty 
Maryland,  Easton,  Nov.  15]  <Med.  News,  Phila.  (1041),  v.  61  (26),  Dec. 
24,  pp.  705-710.     [Wa,  Wm.] 
Hoyt,  R.  E.     [Passed  Asst.  Surg.,  U.  S.  Navy.] 

1908. — Result  of  three  hundred  examinations  of  feces  with  reference  to  the 
presence  of  amebae  <U.  S.  Naval  Med.  Bull.,  Wash.,  v.  2  (3),  July,  pp. 
25-29.     [Wa,  Wm.] 
1908. — Idem.     [Read  before  15.  Ann.  Meet.  Philippine  Islands  Med.  Ass., 
Manila,  Feb.  27]  <Philippine  J.  Sc,  Manila,  v.  3  (5),  Nov.,  pp.  417-420. 
[Wa.] 
Huber.     [Dr.;  Direktor,  inn.  Abt,  Aug.  Viktoria-Krankenhauses,  Schoneberg.] 
1909. — Untersuchungen  fiber  Amobendysenterie  <Ztschr.  f.  klin.  Med.,  Berl., 
v.  67   (4),  pp.  262-271,  pi.  3,  figs.  1-9.     [Wm.] 
Huber,  J[oh]  Ch[ristopher].     [Med.-Rath,  Dr.  Memmingen.] 

1903  b. — Dysenterieamoben.     [Address  before  Ver.  f.  inn.  Med.,  Berlin,  13. 
Juli]    <Deutsche   med.   Wchnschr.,    Leipz.,   v.   29    (34),   20.   Aug.,   Yer.- 
Beilage,  p.  267;  discussion,  pp.  267-268.     [Wa,  Wm.] 
1906.— Discussion  of  Juergens,  1906,  pp.  1607-1608]  <Berl.  klin.  Wchnschr., 
v.  43  (50),  10.  Dec,  p.  1609.     [Wa,  Wm.] 
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Ijinia,  Isao.     [Ph.  D.,  Prof.,  Zool.,  College  Sc.,  Imp.  Univ.,  Japan.] 

1889  b. —  [The  animal  parasites  of  man.]     [Japanese  text.]     7+11+400+6 

pp.,  7  pis.     8°.     Tokio.     [Win.] 
1898   a. — On    a    new   rhizopod   parasite   of   man    (Amoeba   uiiurai   n.    sp.) 
<Annot.  zool.  japon.,  Tokyo,  v.  2   (3),  pp.  85-94,  figs.  1-9.     [MS.  dated 
Aug.  81.]     [Published  Oct.  10.]     [Wa.] 
Irwin,  J.  W.     [Dr.] 

1903.— [Discussion  of  Young,  G.  B.,  1903,  pp.  241-248]  <Am.  Pract.  &  News, 
Louisville,  v.  35  (7-8),  Apr.  1  &  15,  pp.  288-290.     [Win.] 
Isbister,  J.  L.  T.     [M.  B.,  Adel,  Sydney.] 

1899. — Pathological  notes  upon  the  above  case  of  amoebic  abscess  of  liver 
and  lung.     [See  Fiaschi,  Thomas,  1899,  pp.  109-110]    < Indian  M.  Rec, 
Calcutta,  v.  1G  (4),  Jan.  25,  pp.  110-111.     [Wm.] 
Jacob,  O.     [Med.-major  de  l'armee;  Prof,  au  Val-de-Graee,.] 

1911. — Des  abces  amibiens  du  cerveau  observes  au  cours  de  l'hepatite  sup- 
purge  dysenterique  <llev.  de  chir.,  Par.,  an  31,  v.  44  (10),  10  oct,  pp. 
548-579,  figs.  1-5.  [Wm.] 
(1911). — Deux  cas  d'abces  du  cerveau  d'origine  amibienne  consecutifs  a 
des  abces  du  foie  dysenteriques  <Bull.  et  inem.  Soc.  de  chir.  de  Par.,  n.  s., 
v.  37,  pp.  119-134. 
Jaeger,  H.     [Prof.,  Dr.,  Konigsberg  i.  Pr.] 

1901  a. — Ueber  Amobenbefunde  bei  epidemischer  Dysenterie  <Berl.  klin. 
Wchnschr.,  v.  38  (36),  9.  Sept.,  pp.  917-919.     [Wa,  Wm.] 

1902  c. — Untersuchungen  iiber  Amobendysenterie  in  Ostpreussen.  [Read 
before  Yer.  f.  wissensch.  Heilk.,  Konigsberg,  5.  Mai]  <Deutsche  med. 
Wchnschr.,  Leipz.,  v.  28  (27),  3.  Juli,  Ver.-Beilage,  pp.  208-210.  [Wa, 
Wm.] 

(1902  d).— Idem   [?]   <Verhandl.  d.  Ver.  f.  wissensch.  Heilk.,  Konigsb.  i. 

Pr.  (1),  pp.  51-56. 
1902  e. — Erwidernng  auf  die  Bemerkungen  Shiga's  iiber  meine  Amobenbe- 
funde bei  der  in  Ostpreussen  herrschenden  Ruhr  <Centralbl.  f.  Bakteriol. 

[etc.],  Jena,  1.  Abt,  v.  32  (12),  29.  Nov.,  Orig.,  pp.  S65-867.     [Wa,  Wm.] 
1902  g. — Die  in  Ostpreussen  heimische  Ruhr  eine  Amobendysenterie  <Cen- 

tralbl.  f.  Bakteriol.   [etc.],  Jena,  1.  Abt.,  v.  31.(12),  14.  Mai,  Orig.,  pp. 

551-558,  pis.  1-3.     [Wa,  Wm.] 
1902. — Die   in   Ostpreussen   heimische   Ruhr   eine   Amobendysenterie    (mit 

Demonstration     der    Priiparate    an    Lichtbildern).     [Discussion     only] 

<Verhandl.  d.  Gesellsch.  deutsch.  Naturf.  u.  Arzte,  Leipz.  (73.  Versamml. 

zu  Hamb.,  22.-28.  Sept.  1901),  2.  Theil,  2.  Halfte.  med.  Abt.,  pp.  56&-570. 

[Wm.] 
von  Jaksch,  Rudolf  (Ritter  von  Wartenhorst). 

1888  a. — Ueber  das  Yorkommen  von  thierischen  Parasiten  in  den  Faeces  der 

Kinder  <Wien.  klin.  Wchnschr.,  v.  1   (25),  20.  Sept.,  pp.  511-513,  1  fig. 

[Wm.] 
1896a. — Klinische  Diagnostik  innerer  Krankheiten  mittels  bakteriologischer, 

chemischer  und  mikroskopischer  Untersuchungsmethoden.     4.  vermehrte 

und  verbesserte  Aufl.     xxviii+568  pp.,   150  figs.     8°.     Wien   &   Liepzig. 

[Wm.] 
von  Janicki,  Constantino.     [Dr.] 

1908. — Contribuzione    alia    conoscenza    di    alcuni    protozoi    parassiti    della 

Pcriplaneta  orientalis  (Lophomonas  blattarum  Stein,  L.  striata  Biitschli. 

Amoeba  blattae  Biitschli)   <Atti  r.  Accad.  d.  Lincei,  Roma.     Rendic,  cl. 

di  sc.  fis.,  mat.  e  nat.,  an.  305,  5.  s.,  v.  17,  2.  semestre  (3),  2  agosto,  pp. 

140-151.     [Wa,  Wc] 
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von  Janicki,  Constantino — Continued. 

1909. — Ueber  Kern  und  Kernteilung  bei  Entamoeba  blattae  Biitschli  <Biol. 
Centralbl.,  Leipz.,  v.  29  (12),  15.  Jimi,  pp.  381-393,  figs.  l-7b.     [Wa.] 
Janowski,  Wladyslaw.     [Dr.  med.] 

1897  c. — Zur  Aetiologie  der   Dysenterie   < Centralbl.   f.   Bakteriol.    [etc.], 
.     Jena,  1.  Abt,  v.  21  (3),  30.  Jan.,  pp.  88-100;   (4),  6.  Feb.,  pp.  151-158; 

(5),  15.  Feb.,  pp.  194-202;   (6-7),  5.  Marz,  pp.  234-255.     [Wa,  Wm.] 
Jay,  Frank  Webster.     [M.  D.,  Chicago,  111.] 

1S99  a. — Amebic  dysentery  of  army  origin   <Medicine,  Detroit,  v.  5    (2), 
Feb.,  pp.  106-114.     [Wm.] 
Jefferis,  D.  W.     [Dr.] 

1910. — [Treatment  of  dysentery.]     [Abstract  of  discussion  before  Delaware 
Co.  Med.  Soc,  Chester,  Pa.,  Feb.  24]    <Penn.  M.  J.,  Athens,  v.  13   (7), 
Apr.,  p.  574.     [Wm.] 
Jeffries.     [Dr.] 

1904  a. — Presentation  of  a  specimen  of  urine  containing  Amoebae.  [Secre- 
tary's abstract  of  paper  read  before  N.  York  Path.  Soc,  Feb.  10]  <Med. 

Rec,  N.  Y.   (1764),  v.  66  (9),  Aug.  27,  p.  356;  discussion,  p.  356.     [Wa, 
Wm.] 

Jelks,  John  L.     [M.  D.,  Memphis,  Tenn.] 

1902. — Three  months'  office  experience  in  the  treatment  of  chronic  dysen- 
tery. [Read  before  Miss.  Valley  Med.  Ass.,  Kansas  City,  Mo.,  Oct.  17] 
<Memphis  M.  Month.,  v.  22  (12),  Dec,  pp.  630-641.     [Wm.] 

1905.— [Discussion  of  Turtle,  James  P.,  1905,  pp.  348-353]  < Lancet-Clinic, 
Cincin.,  v.  94.  n.  s.,  v.  55,  Sept.  23,  pp.  353^354.     [Wm.] 

(1908). — Amebiasis  <Memphis  M.  Month.,  Sept. 

1909.— Amebiasis :  Its  symptomatology,  diagnosis,  sequelae,  and  the  use  of 
formalin  and  copper  phenol  sulphonate  in  the  treatment.  [Read  before 
Am.  Proctol.  Soc,  Chicago,  June  1,  190S]  <J  Tenn.  State  M.  Ass.,  Nash- 
ville, v.  1  (9),  Feb.,  pp.  18-20.     [Wm.] 

1909. — Appendicostomy  as  an  aid  to  the  treatment  of  malignant  and  intract- 
able dysentery  <Proctologist,  St.  Louis,  v.  3  (3).  Sept..  pp.  233-235. 
[Wm.] 

1910. — Amebiasis,  complicated  in  one  instance  by  pellagra;  in  [an]other  by 
eighteen  adenomata.  [Remarks  before  Tenn.  State  Med.  Ass..  Apr.  12-14] 
<Ibidem,  v.  4  (2),  June,  p.  55.     [Wm.] 

1910. — Amebiasis.  Complicated  in  one  instance  by  pellagra;  case  report — 
presentation  of  patient;  in  another  by  eighteen  adenomata  <J.  Tenn.  M. 
Ass.,  Nashville,  v.  3  (4),  Aug.,  pp.  94-97;  discussion,  pp.  97-102.     [Wm.] 

1910. — Skin  manifestations  of  amebiasis  <Tr.  Am.  Proctol.  Soc.  [St.  Louis], 
(12.  Ann.  Meet.,  June  6-7),  pp.  128-131;  discussion,  pp.  131-132.     [Wm.] 

1910. — Idem  < Proctologist,  St.  Louis,  v.  4   (3),  Sept.,  pp.  202-205:  discus- 
sion, pp.  205-206.     [Wm.] 
Jennings,  E.     [Major,  I.  M.  S. ;  Supt,  Central  Prison,  Bareilly.] 

1905. — Dysentery  as  it  occurs  in  jails  with  regard  to  etiology,  prophylaxis 
and  treatment  < Indian. M.  Gaz.,  Calcutta,  v.  40  (7),  July.  pp.  247-250. 
[Wm.] 
Jennings,  Herbert  S.     [Ph.  D. ;  Instructor,  Zool.,  Univ.  Mich.,  Ann  Arbor,  Mich.] 

1905. — The  movements  of  Amoeba.      [Secretary's  abstract  of  paper  read 
before  Soc.  Normal  &  Path.  Physiol.,  Univ.  Penn.,  Nov.  21,  1904]    <Univ. 
Penn.  M.  Bull.,  Phila.,  v.  17  (12),  Feb.,  p.  416.     [Wa,  Wc] 
Jensen,  Vilhelm  [Peter  Herlof]. 

1898  a.  Oui  dyrknlng  af  am0ber  <Hosp.-Tid.,  Kj0benh.,  41.  Aarg..  4.  R., 
v.  6  (6),  9.  Feb.,  pp.  133-142:   (7),  16.  Feb.,  pp    165-170.     [Wm.] 
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Jensen,  Vilhelm  [Peter  Herlof] — Continued. 

1898  c. — Demonstration  af  forskellige  Am0bekulturer< Ibidem  (29),  20. 
Juli,  pp.  767-768.     [Wm.] 

Jermain,  L.  F.     [M.  D.,  Milwaukee,  Wis.] 

1899  a. — Amoebic  abscess  of  liver,  with  report  of  a  case  < Milwaukee  M.  J., 
v.  7  (12),  Dec,  pp.  406-409.     [Wm.] 

Johnson.     [Dr.] 

1908.— [Discussion  of  Killough,  J.  N.,  1908,  pp.  371-377]   <Tr.  M.  Ass.  Ala- 
bama, Montgomery  (Apr.  21-24),  pp.  377-378.     [Wm.] 
Juergens,  Rudfolf  Joh.].     [Dr.,  Oberarzt,  Berlin.] 

1892  a. — [Einwanderung  von  Amoben  in  die  Harnblase]  <Deutsche  med. 
Wchnschr.,  Leipz.  &  Berl.,.  v.  18  (20),  19.  Mai,  pp.  454-455.     [Wa,  Wm.] 

1902. — Zur  Kenntniss  der  Darm-Amoben  und  der  Amoben-Enteritis  <Verof- 

fentl.  a.  d.  Geb.  d.  Mil.-San.-Wes.,  Berl.,  Heft  20,  pp.  110-160,  pis.  1-8, 

figs.  1-21.     [Wm.] 
1903. — Zur  Aetiologie  der  Ruhr  <Deutsche  med.  Wchnschr.,  Leipz.,  v.  29 

(40),  12.  Nov.,  pp.  841-843.     [Wa,  Wm.] 
1906. — Ueber   Amoben-Enteritis   und    ihre   Beziehungen   zur   epidemischen 

Ruhr.     [Secretary's  abstract  of  paper  read  before  Gesellsch.  d.  CharitG- 

Aerzte,  1.  Nov.]   <Berl.  klin.  Wchnschr.,  v.  43  (50),  10.  Dec.,  pp.  1607- 

1608;  discussion,  pp.  1608-1609.    [Wa,  Wm.] 
1907. — Amoeben-enteritis.    [Abstract  of  remarks,  with  demonstration,  before 

Gesellsch.  d.  Charit6arzte,  Berl.,  1.  Nov.,  1906,  by  Fleischmann]  <Deutsche 

med.  Wchnschr.,  Leipz.,  v.  33  (6),  7.  Feb.,  p.  245;  discussion,  pp.  245-246. 

[Wa,  Wm.] 
1907. — Die  Amoben-Enteritis  und  ihre  Beziehungen  zur  Dysenterie  <Ztschr. 

f.  exper.  Path.  u.  Therap.,  Berl.,  v.  4  (3),  21.  Dec,  pp.  769-816,  pis.  24-27, 

tigs.  1-16.     [Wa.] 
Kaestner,  Paul.     [Tierarzt,  Berlin.] 

1906. — Die   tierpathogenen   Protozoen.     vii+161   pp.,  42   figs.     8°.     Berlin. 

[Wa.] 
Kartulis,  Stephan.     [Surg.,  Govt.  Hosp.,  Alexandria,  Egypt.] 

1885c — Ueber   Riesen-Amoben    (?)    bei   chronischer   Darmentzundung   der 

Aegypter  <Arch.  f.  path.  Anat.  [etc],  Berl.,  v.  99,  9.  F.,  v.  9  (1),  2.  Jan., 

pp.  145-147,  pi.  4,  fig.  5.     [Wa,  Wm.] 

1886  a. — Zur  Aetiologie  der  Dysenterie  in  Aegypten  <Ibidem,  v.  105,  10.  F., 
v.  5  (3),  Sept.,  pp.  521-531,  pi.  17,  figs.  1-3.     [Wa,  Wm.] 

1887  b. — Zur  Aetiologie  der  Leberabscesse.  Lebende  Dysenterie- Amoben  im 
Eiter  der  dysenterischen  Leberabscesse  <Centralbl.  f.  Bakteriol.  [etc], 
Jena,  1.  J.,  v.  2  (25),  pp.  745-748.     [MS.  dated  20.  Nov.]     [Wa,  Wm,  Wc] 

1889  a. — Ueber  tropische  Leberabscesse  und  ihre  Verhaltnisse  zur  Dysen- 
terie <Arch.  f.  path.  Anat.  [etc.],  Berl.,  v.  118,  11.  F.,  v.  8  (1),  1.  Oct., 
pp.  97-121,  pi.  7,  figs.  1-3.     [Wa,  Wm.] 

1890  b. — Ueber  weitere  Verbreitungsgebiete  der  Dysenterie-Amoben  <Cen- 
tralbl.  f.  Bakteriol.  [etc],  Jena,  v.  7  (2),  4.  Jan.,  pp.  54-55.  [MS.  dated 
Nov.  1889.]     [Wa,  Wm,  Wc] 

1891  a. — Einiges  fiber  die  Pathogenese  der  Dysenterieamoben  <  Ibidem,  v.  9 
(11),  21.  Marz,  pp.  365-372.    [MS.  dated  Jan.]     [Wa,  Wm,  Wc] 

1893  a. — Ueber  pathogene  Protozoen  bei  dem  Menschen.  1.  Gregarinose  der 
Leber  und  der  Bauchmuskeln.  2.  Amoben  bei  Knochennekrose  (Osteo- 
myelitis) des  Unterkiefers  <Ztschr.  f.  Hyg.  u.  Infectionskrankh.,  Leipz., 
v.  13,  pp.  1-14,  12  figs.,  pis.  1-2.     [Wa,  Wm.] 

1896  a. — Dysenterie  (Ruhr)  <Spec  Path.  u.  Therap.  .  .  .  Nothnagel,  Wien, 
v.  5,  1.  Halfte,  3.  Theil,  pp.  1-95.     [Wm.] 
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Kartulis,  Stephan — Continued. 

1903  a. — [Dysenterie  Egyptens.]  [Secretary's  abstract  of  paper  read  before 
1.  Egypt,  med.  Cong.,  19.-23.  Dec.  1902]  <Deutsche  med.  Wchnschr., 
Leipz.,  v.  29  (4),  22.  Jan.,  Ver.-Beilage,  p.  31.     [Wa,  Win.] 

1903  b. — [Etiology  and  treatment  of  tropical  dysentery.]  [Secretary's  ab- 
stract of  paper  read  before  1.  Egypt,  med.  Cong.,  Cairo,  Jan.  2]  <Med. 
Rec,  N.  Y.  (1681),  v.  63  (4),  Jan.  24,  pp.  142-143.     [Wa,  Wm.] 

1903  c. — Ueber  Amobenosteomyelitis  des  Unterkiefers.  [Abstract  of  paper 
read  before  Panhellen.  med.  Kong,  zu  Athens,  1901]  <Centralbl.  f. 
Bakteriol.  [etc.],  Jena,  1.  Abt,  v.  33  (15-16),  27.  Juni,  Ref.,  pp.  471^72. 
[Wa,  Wm.] 

1904  a. — Gehirnabscesse  nach  dysenterischen  Leberabscessen  < Ibidem,  v.  37 
(4),  12.  Dec,  Orig.,  pp.  527-530,  1  pi.,  figs.  1-2.     [Wa,  Wm.] 

1904. — Ueber  mit  Appendicitis  complicirte  Leberabscesse  <Ztschr.  f.  Hyg.  u. 

Infectionskr.,  Leipz.,  v.  48  (3),  16.  Dec,  pp.  499-511,  pi.  3,  figs.  1-2.    [Wa.] 
1906. — Die  Amobendysenterie.   <Handb.  d.  path.  Mikroorganism.,  Jena,  1. 

Erganzungsbd.  (1),  pp.  347-384,  figs,  a-1,  pi.  7.     [Wa.] 
Kaupp,  Benjamin  Franklyn. 

1911. — Entero-hepatitis    (amoebiasis)    <Am.  Vet.  Rev.,  N.   Y.,   v.  39    (4), 

July,  pp.  410-416,  figs.  1-5.     [Wa,  Wm.] 
Kelsch,  [Louis- Felix-]  Achille;  &  Kiener,  Paul-Louis  [-Andre]. 

18S9  a. — Traite  des  maladies  des  pays  chauds,  region  pretropicale.     viii-f- 

908  pp.,  36  figs.,  6  pis.     8°.     Paris.     [Wm.] 
Kernig,   W.    [Dr.,   Oberarzt,   Obuchow-Frauen-Hosp.]  ;   &   Ucke,   A.    [Dr.,   Pro- 
sector, Deutsch.  Alexander  Hosp.  f.  Manner]. 
1901   a. — Ueber   Amoben-Enteritis   in    St.    Petersburg    <St.   Petersb.   med. 

Wchnschr.,   v.  26,  n.   F..  v.  18    (25),  23.  Juni    (=6.   Juli),  pp.  299-307. 

[Wm.] 
Keysselitz,  G. 

1908. — Die  Entwicklung   von   Myxobolus  pfeifferi  Th.     1.   Teil   <Arch.  f. 

Protistenk.,  Jena,  v.  11   (2-3),  pp.  252-275,  figs.  A-G,  pis.  13-14,  99  tigs. 

[Wa,  Wm.] 
1908.— Studien  fiber  Protozoen   < Ibidem,  pp.  334-350,  pis.  19-21,  44  figs. 

[Wa,  Wm.] 
Klewiet  de  Jonge,  G.  W. 

1904   a. — De   aetiologie   der   tropische  dysenterie    <Geneesk.   Tijdschr.    v. 

Nederl.-Indie,  Batav.,  Deel  44   (2),  pp.  72-91.     [Wa] 
Killough,  J.  N.     [M.  D.,  Woodlawn,  Ala.] 

1908. — Diagnosis  and  treatment  of  amebic  dysentery  <Tr.  M.  Ass.  Alabama, 

Montgomery  (Apr.  21-24),  pp.  371-377;  discussion,  pp.  377-378.     [Wm.] 
1909. — Diagnosis  and  treatment  of  amebic  dysentery  < Merck's  Arch.,  N.  Y., 

v.  11  (6),  June,  pp.  174-176.     [Wm.] 
King,  Howard  D.     [M.  D.,  Tulane  Univ.,  New  Orleans,  La.] 

1911. — The  epidemiology  of  amoebiasis  in  the  southern  United  States,  with 

some  pertinent  remarks  as  to  the  absence  of  liver  abscess  in  the  same 

regions  <J.  Trop,  M.  &  Hyg.,  Lond.,  v.  14    (12),  June  15,  pp.  182-188. 

[Wa,  Wm.] 
Kisskalt,  Karl  [Dr.,  Privatdoz.,  Oberasst.,  Hyg.  Inst,  Univ.  Berlin] ;  &  Hart- 

mann,  Max  [Dr.,  Privatdoz.,  Zool.,  Univ.  wissensch.  Hilfsarb.,  k.  Inst.  f. 

Infektionskr.,  Berlin]. 
1907. — Praktikum    dor    Bakteriologie    und    Protozoologie.      vi-f-174    pp.,   50 

figs.    4°.    Jena.     [Wa.] 
1910.— Idem.     2.   erweiterte  Aufl.,  2.  Teil:   Protozoologie.     vi+106  pp.,  76 

figs.    4°.    Jena.     [Wa,  Wm.] 
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Koch,  J.  A.     [Dr.,  Java.] 

1903  a. — Over  tropiseh  leverahsces  en  de  chirurgische  behandlung  <Nederl. 
Tijdschr.  v.  Geneesk..  Amst,  2.  R.,  v.  89,  2.  Afd.  (4),  25  Juli,  pp.  ITS  195; 
(5),  1  Aug.,  pp.  244-259,  1  fig.     [Wm.] 

1904  a.— Ueber  tropische  Leberabscesse.  [Transl.  of  1903  a]  <Mitt.  a.  d. 
Grenzgeb.  d.  Med.  n.  Chir.,  Jena,  v.  13  (1),  pp.  81-112,  1  fig.     [Wm.] 

Koch,  Robert.     [Director,  Inst.  f.  Infectionskr.,  Berlin.] 

(1883). — Berichte    liber    die    Tiitigkeit    d.    Expedition    z.    Erforschung    d. 
Cholera  in  Agypten  und  Indien  <Deutscher  Reichsanzeiger. 
Koch,  Robert;  &  Gaffky,  Georg. 

1887  a. — Einige  in  Egypten  und  Indien  gernachte  Beobachtungen,  verschie- 
dene  Krankbeiten    (auschl.   Cholera)    betreffend,   nebst  den  zugehorigen 
Obduktions-Protokollen  <Arb.  a.  d.  k.  Gsndhtsainte.,  Berl.,  v.  3,  Anlage 
6,  pp.  62-78.     [Wm.] 
Koidzumi,  M.     [Dr.] 

1909. — On  a  new  parasitic  Amoeba,  Entamoeba  nipponica,  found  in  the  in- 
testine of  Japanese  <Centralbl.  f.  Bakteriol.   [etc.],  Jena,  1.  Abt.,  v.  51 
(6),  9.  Oct.,  Orig.,  pp.  650-654,  figs.  1-7.     [Wa,  Wm.] 
Kov&cs,  Friedrich. 

1892  a. — Beobachtungen  und  Versuche  iiber  die  sogenante  Amoebendysen- 
terie  <Ztschr.  f.  Heilk.,  Berl..  v.  13  (6),  1.  Dec,  pp.  509-551,  pi.  15.  figs. 
1-6.     [Wm.] 

1892  b. — Ueber  Amoebendysenterie.  [Secretary's  abstract  of  paper  read 
before  k.  k.  Gesellsch.  d.  Aerzte  in  Wien,  2.  Dec]  <Wien.  med.  Presse, 
v.  33  (49),  4.  Dec,  pp.  1965-1967.     [Wm.] 

Kraus. 

1906.— [Discussion     of     Juergens,     1906,     pp.     1607-1608]      <Berl.     klin. 
Wchnschr.,  v.  43  (50).  10.  Dec,  p.  1609.     [Wa,  Wm.] 
Krinitski,  S.  I. 

1911. — K  voprosu  o  naryvakh  pecheni  pri  amebnol  dizenterii'.     [Liver  ab- 
scesses   in    amoebic    dysentery.]      [Russian    text]    <Russk.    Vrach,    St. 
Petersb.,  v.  10   (22),  28  maia.  pp.  946-949;    (23),  4  lunia.  pp.  976-979. 
[Wm.] 
Krouse,  Louis  J.     [M.  D.,  Cincinnati,  Ohio.] 

1910. — A  case  of  amebiasis.     [Reported  to  Acad.  Med.,  Cincinnati,  Nov.  29, 
1909]   <Lancet-Clinic,  Cincin.,  v.  103  (10),  Mar.  5,  pp.  269-270.     [Wm.] 
Kruse.     [Prof.] 

1902. — Der  jetzige  Stand  der  Dysenteriefrage  < Deutsche  Aerzte-Ztg.,  Berl., 
[v.  4]   (2),  15.  Jan.,  pp.  25-30.     [Wm.] 
Kruse,  Walther;  &  Pasquale,  Allessandro. 

1893  a. — Eine  Expedition  nach  Egypten  zum  Studium  der  Dysenterie  und 
des  Leberabscesses  <Deutsche  med.  Wchnschr.,  Leipz.  &  Berl.,  v.  19 
(15),  13.  Apr.,  p.  354;  (16),  20.  Apr.,  pp.  378-379.     [Wa,  Wm.] 

1894  a. — Untersuchungen  fiber  Dysenterie  und  Leberabscess  <Ztschr.  f. 
Hyg.  u.  Infectionskrankh.,  Leipz.,  v.  16,  pp.  1-14S,  pis.  1-6.     [Wa.  Wm.j 

Kruse,  W[ilhelm  Arthur  Karl]. 

1896  a. — Systematik  der  Protozoen.     (In  Flugge,  C.     Die  Mikroorganisinen, 
etc    3.  Aufl.,  2.  Theil,  4.  Abschnitt,  pp.  600-700,  26  figs.     8°.     Leipzig.) 
[Wm.] 
Kubo,  N.     [Dr.] 

1912. — Die  atiologische  Bedeutung  der  Entamoeba  histolytica  bie  Amoben- 
dysenterie  nach  anatomisch-histologischen  Befunden  <Arch.  f.  Schiffs- 
u.  Tropen-Hyg.,  Leipz.,  v.  16  (21).  Nov.,  pp.  713-721,  1  fig.     [Wa,  Wm.] 
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Kuenen,  W.  A.     [Dr.,  Medan,  Sumatra.] 

1909. — Die  Aetiologie  und  Diagnose  der  Amoebiasis,  nach  einem  Vortrag, 
gehalten  vor  der  Niederlandischen  Gesellschaft  fur  tropische  Medizin  zu 
Leiden  (Januar  1909)  < Janus,  Harlem,  v.  14  (7),  juillet,  pp.  542-569; 
(8),  aout,  pp.  629-643.     [Wm.] 

(1909). — Die  pathologische  Anatomie  der  Amobiasis,  verglichen  mit  ande- 
ren  Formen  von  Dysenterie  <Beihefte  (7)  z.  Arch,  f.  Schiffs-  u.  Tropen- 
Hyg.,  Leipz.,  v.  13. 

1910.— Idem.     [Abstract]  <Munchen.  med.  Wchnschr.,  v.  57  (28),  12.  Juli, 
p.  1515.     [Wa,  Wm.] 
Kunstler,  Joseph.     [Prof,  adjoint  de  zool.,  Univ.  de  Bordeaux.] 

1888  b. — Sur  quelques  infusoires  nouveaux  ou  peu  connus  <Compt.  rend. 
Acad.  d.  sc,  Par.,  v.  107  (24),  10  dec.,  pp.  953-955.     [Wa,  Wm,  Wc] 
Kurtz,  Russell  L.     [M.  D.,  Neoga,  111.] 

1903. — Report  of  a  case  of  amebic  dysentery  in  Illinois  with  special  refer- 
ence to  "  acetozone  "  treatment.  [Read  before  56.  Ann.  Meet.  Aesculapian 
Soc.  Wabash  Valley,  Tuscola,  111.,  May  28]  <Med.  Fortnightly,  St. 
Louis,  v.  24   (2),  July  25,  pp.  535-542.     [Wm.] 

1903  a. — A  case  of  amebic  dysentery  in  Illinois,  with  special  reference  to 
acetozone  treatment  <Medicine,  Detroit,  v.  9  (8),  Aug.,  pp.  595-598. 
[Wm.] 

Kuschakewitsch,  Sergius.     [Odessa.] 

1907. — Beobachtungen  iiber  vegetative,  degenerative  und  germinative  Vor- 
gllnge  bei  den  Gregarinen  des  Mehlwurindarms  <Arch.  f.  Protistenk,, 
Jena,  Suppl.  1,  Fesfbd.  z.  25jahr.  Prof.-Jubil.  Richard  Hertwig,  pp.  202- 
249,  figs.  A-M,  pis.  13-16,  figs.  1-108.  [Wm.] 
Labbe,  Alphonse.  [Dr.-6s-sc. ;  Conservateur  des  collect,  zool.,  Sorbonne,  Paris.] 
1899  a.— Sporozoa.  8°.  Berlin.  (Das  Tierreich,  Berl.,  5.  Lief.,  xx+180 
pp.,  196  figs.)      [MS.  dated  31.  Dec.  1897.]     [Published  Juli.]     [Wa.] 

Lafleur,  Henri  A. 

1890  a. — Demonstration  of  Amoeba  coli  in  dysentery.  [Secretary's  abstract] 
< Johns  Hopkins  Hosp.  Bull.,  Bait.,  v.  1  (7),  Sept.,  pp.  91-92.     [Wm.] 

1891  a. — Dysentery ;  abscess  of  liver ;  Amoeba  coli  in  stools  and  sputum ; 
death;  necropsy  < Johns  Hopkins  Hosp.  Bull.,  Bait,  v.  2  (13),  May-June, 
pp.  83-84;  discussion,  p.  84.     [Wa,  Wm.] 

1895. — [Amoebic  abscess  of  liver.]  [Discussion  of  Finley  &  Adami,  1895, 
pp.  375-378]  <Proc.  Montreal  Med.-Chir.  Soc.  (1892-94),  v.  7,  pp.  378- 
379.     [Wm.] 

1897  a.— Amoebic  dysentery  <Syst.  Med.  (Allbutt),  Lond.,  v.  2,  pp.  753-783. 
[Wm.] 

1897. — Amoebic  abscess  of  the  liver  <Ibidem,  v.  4,  pp.  153-169.     [Wm.] 

Lamb,  Daniel  Smith.     [A.  M„  M.  D.,  Washington,  D.  C] 

1907. — Case  of  amebic  dysentery  with  abscesses  of  the  liver.  [Reported 
to  Med.  Soc.,  Oct.  23]  <Wash.  M.  Ann.  (1907-08),  v.  6  (5),  Nov.,  pp. 
354-356 ;  discussion,  p.  356.     [Wm.] 

Lambl,  D.  F.     [Dr.] 

1860  a.— Aus  dein  Franz  Josef-Kinder-Spitale  in  Prag.  1.  Th. :  Beobach- 
tungen und  Studien  aus  dem  Gebiete  der  pathologischen  Anatomie  und 
Histologic  Nach  eigenem  und  von  Prof.  Loschner  klinisch  verwerthetem 
Materia le  vergleichend  zusarnmengestellt.  xiii  +  384  pp.,  4  figs.,  25  pis. 
8°.     Prag.     [Wm.] 
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Laveran,  [Charles  Louis]  Alphonse.     iL'lnstitut  Pasteur,  Paris.] 

1893  h. — Contribution  a  l'etude  de  I'Stiologie  de  la  dysenterie.      [Read  4 
nov.]     <Coinpt.  rend.  Soc.  de  biol  ,  Par.,  v.  45,  9.  s.,  v.  5  (31),  10  no...  pp, 
875-879.     [Wa,  Win,  Wc] 
Laveran,  [Cbarles  Louis]  Alpbonse;  &  Lucet. 

1905  a. — Deux  hematozoaires  de  la  perdrix  et  du  dindon   <Compt.  rend. 
Acad.  d.  sc,  Par.,  v.  141  (18),  30  >ct,  pp.  673-676,  figs.  1-6.     [Wa,  Wm, 
Wc] 
Lea  veil,  H.  N.     [Dr.] 

1903.— [Discussion  of  Young,  G.  B.,  1903,  pp.  241-248] <Am.  Pract.  &  News, 
Louisville,  v.  35  (7-8),  Apr.  1  &  15,  p.  288.     [Wm.] 
Lebedeff,  W.     [Dr.,  Bakteriol.  Inst.,  Moskau.] 

1910. — Ueber  Trypanosoma  rotatorium  Gruby   <Festschr.  z.  60.   Geburtst. 
Richard   Hertwigs    (Munchen),   Jena,    v.    1,   pp.   397-436,   figs.    1-9,   pis. 
31-32,  figs.  1-91.     [Wm.] 
Leger,  Louis  [Charge  de  cours  de  zool.,  Univ.  de  Grenoble)  ;  &i  Duboscq,  Octave. 
1904  f. — Notes  sur  les  infusoires  endoparasites  <Arch.  de  zool.  exper.  et 
gen.,  Par.,  4.  s.,  v.  2  (3),  21  oct.,  pp.  337-356,  figs.  1-3,  pi.  14,  figs.  1-19. 
[Wm.] 
Lehmann,  Eduard.     [Dr.  nied.  vet.,  Jegenstorf,  Scliweiz.] 

1912. — Die  Amoben  als  Krankheitsursachen  bei  den  Haustieren  <Centralbl. 
f.  Bakteriol.  [etc.],  Jena,  1.  Abt.,  v.  62  (7),  21.  Marz,  Orig.,  pp.  589-605, 
figs.  1-14.     [Wa,  Wm.] 
Leidy,  Joseph.     [Prof.,  Anat,  Univ.  Pennsylvania,  Philadelphia,  Pa.] 

1879  a. — Fresh-water  rhizopods  of  North  America  <Rep.  U.  S.  Geol.  Sur  v. 

of  Territories,  Wash.,  v.  12,  pp.  1-324,  pis.  1-48.  [Wc] 
1879  k. — On  Amoeba  blattae.  [Secretary's  abstract]  <Proc  Acad.  Nat.  Sc. 
Phila.  [v.  31,  3,  s.,  v.  9]  (2),  Apr.-Oct,  pp.  204-205.  [Published  Dec.  2.] 
[Wa,  Wc] 
1879. — On  rhizopods  occurring  in  Sphagnum.  [Secretary's  abstract  of  re- 
marks, June  17]  <Proc  Acad.  Nat.  Sc.  Phila.  [v.  31,  3.  s.,  v.  9],  pp. 
162-163.     [Published  Aug.  12.1      I  Wa,  Wc] 

1904  a. — Researches  in  helminthology  and  parasitology.  With  a  bibliog- 
raphy of  his  contributions  to  science  arranged  and  edited  by  Joseph 
Leidy,  jr.     281  pp.,  figs.  8°.     Washington.     [Wa.] 

1905  a.— Idem  <Smithson.  Misc.  Collect.,  Wash.  (1477),  v.  46,  pp.  1-281, 
figs.     [Wa.] 

Leishman,  William  Boog.     [Lieut-Col.,   R.  A.   M.  C. :   Prof..  Path.,   Roy.  Army 
Med.  College.] 
1906. — Kala  Azar   <Handb.   d.   Tropenkrankh.    (Mense),   Leipz.,   v.  3,   pp. 
591-616,  figs.  1-2,  pi.  12,  figs.  1-15.     [Wa.] 

Lemoine,  G.  H.     [Prof.,  Val-de-Grace.] 

1904  a. — Traitement  d'un  cas  de  dyseuterie  amibienne  par  la  quinine  <Boll. 

meU.  Par.,  v.  18  (16),  27  f£v.,  p.  181.     [Wm.] 
1908. — Le  Kho-Sam  et  le  traitement  de  la  dysenterie  amibienne.     [Read  12 

f£v.]     <Bull.  Soc.  de  path,  exot,  Par.,  v.  1  (2),  pp.  72-76.     TWrn.] 
1908. — Un  cas  de  contagion  de  dysenterie  amibienne.     Importance  du  role 

des  convalescents.     [Read  8  mai]     <Bull.  et  meni.  Soc.  ined.  d.  hop.  de 

Par.,  3.  s..  v.  25,  pp.  640-643.     [Win.] 
von  Lendenfeld,  Robert.     TDr.  phil..  o.  Prof.,  Zool.,  zool.  Inst..  Prag.  | 

1S85  a. — Amoeba  parasitica.    A  new  protozoan  infesting  sheep.     I  Read  Jan 

28]  <Proc  Linn.  Soc  N.  South  Wales,  Sydney,  v.  10  (1),  Jan.-Mar.,  pp. 

35-38,  pi.  6,  4  figs.     [Published  June  4.]     [Wa.  Wc] 
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Lentz,  Otto.     [Dr.,  Berlin.] 

3902  a. — Dysenterie  <Handb.  d.  path.  Mikroorganism.     (Kolle  &  Wasser 
man),  Jena,  6.  &  7.  Lief.,  v.  2,  pp.  309-333.     [Wm.] 
Lenz,  Wilhelm.     [Dr.] 

1910. — Blinddarruentziindug  und  Dysenterieamoben    <Arch.   f.    Schiffs-   u. 
Tropen-Hyg.,  Leipz.,  v.  14  (11),  pp.  352-354.     [Win.] 
Lesage.     [Dr.,  Med.  de  PhOp.  Herold.] 

1904. — Note  snr  le  mucus  intestinal  dans  la  dysenterie  tropicale   <Arch. 
gen.  de  nied.,  Par.,  an.  81,  v.  194  (35),  v.  2,  pp.  2177-2178.     [Wm.] 
Lesage,  A.     [Dr.,  Med.  d.  hop.  de  Paris.] 

1904  a. — Culture  de  Pamibe  de  la  dysenterie  des  pays  chauds  <Coinpt.  rend. 
Acad.  d.  sc,  Par.,  v.  139  (26),  26  dec.,  pp.  1237-1239.     [Wa,  Wm,  Wc] 

1905  a. — Culture  de  Pamibe  de  la  dysenterie  des  pays  chauds  <Ann.  de 
PInst.  Pasteur,  Par.,  v.  19  (1),  25  Jan.,  pp.  9-16,  pis.  1-2.     [Wa,  Wm.] 

1907. — Culture  du  parasite  de  Pamibiase  humaine  (dysenterie  amibienne). 

[Read  22  juin]  <Compt.  rend.  Soc.  de  biol.,  Par.,  an.  59,  v.  62,  v.  1  (22), 

28  juin,  pp.  1157-1159.     [Wa,  Wm,  Wc] 
1907. — L'amibiase  chez  le  chat    (dysenterie  amibienne).     [Read  29  juin] 

<Compt.  rend.  Soc.  de  biol.,  Par.,  an.  59,  v.  62,  v.  1  (23),  5  juillet,  pp. 

1191-1193.     [Wa,  Wm,  Wc] 
1908. — Note  sur  les  entamibes  dans  la  dysenterie  amibienne  des  pays  chauds. 

[Read  12  few]    <Bull.  Soc.  de  path,  exot,  Par.,  v.  1   (2),  pp.  104-111, 

figs.  1-16.     [Wm.] 
1908. — Dysenterie  des  pays  chauds  <Rev.  scient,  Par.,  an.  46,  5.  s.,  v.  fl 

(19),  9  mai,  pp.  583-586.     [Wa,  Wm,  Wc] 
Letulle,  Maurice. 

1908. — La    botryomycose   son   histogenese — sa   nature   parasitaire    <J.    de 

physiol.  et  de  path,  gen.,  Par.,  v.  10   (2),  15  mars,  pp.  256-266,  figs.  1-6, 

pi.  4,  figs.  1-3.     [Wm.] 

Leuckart,  Karl  Georg  Friedrich  Rudolph.     [Dr.,  Prof.,  Univ.  Leipzig.] 

1863  a. — Die  menschlichen  Parasiten  und  die  von  ihnen  herriihrenden 
Krankheiten.  Ein  Hand-  und  Lehrbuch  fiir  Naturforscher  und  Aerzte. 
v.  1,  viii+766  pp.,  268  figs.    8°.     Leipzig  &  Heidelberg.     [Wa,  Wm.] 

1876  a. — Die  menschlichen  Parasiten  und  die  von  ihnen  herriihrenden 
Krankheiten.    v.  2,  3.  Lief.,  pp.  513-882, 119  figs.    8°.    Leipzig.    [Wa,  Wm.] 

1879  b. — Die  Parasiten  des  Menschen  und  die  von  ihnen  herriihrenden 
Krankheiten.  Ein  Hand-  und  Lehrbuch  fiir  Naturforscher  und  Aerzte. 
2.  Aufl.,  v.  1,  1.  Lief.,  1.  Abt,  viii+336  pp.,  130  figs.  8°.  Leipzig  &  Heidel- 
berg.    [Wa,  Wm.] 

1886  d. — The  parasites  of  man,  and  the  diseases  which  proceed  from  them. 
A  textbook  for  students  and  practitioners.  Natural  history  of  parasites 
in  general.  Systematic  account  of  the  parasites  infesting  man.  Pro- 
tozoa— Cestoda.  Transl.  from  the  German  with  the  cooperation  of  the 
author,  by  William  E.  Hoyle.  xxvi  pp.,  1  1.,  771  pp.,  404  figs.  8°.  Edin- 
burgh.    [Wa.  Wm.] 

Levander,  Kaarle  Mainio.     [Dr.  phil.,  o.  Prof.,  Zool.,  Alex.-Univ.,  Helsingfors, 
Finland.] 
1908. — [Entamoeba  buccalis  (v.  Prowazek).]     [Abstract  of  remarks,  7  dec. 
1907]   <Medd.  Soc.  pro  Fauna  et  Flora  Fennica,  Helsingfors  (1907-08), 
v.  84,  pp.  49-50.     [Wa.] 

Prison,  Charles  G.     [First  Lieut..  Mod.  Reserve  Corps,  U.  S.  Army.] 

1012. — Bhtero  vesical  fistula  of  amebic  origin.  [Read  at  20.  Ann.  Meet.] 
<Mil.  Surg..  Wash.,  v.  .'JO  (5),  May,  pp.  584-589.     [Wm.] 
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Lewis,  Timothy  Richards.     [M.  B.,  Asst.  Surg.,  Her  Majesty's  Forces,  attached 
to  San.  Commr.,  Govt.  India.] 
1870  a. — A  report  on  the  microscopic  objects  found  in  cholera  evacuations, 
&c  <  6.  Ann.  Rep.  San.  Com.  India,  Calcutta   (1869),  App.  A,  pp.  125- 
178,  pis.  1-24,  3  maps.     [Wm.] 
Lewis,  W.  Milton.     [M.  D.,  Baltimore,  Md.] 

L896  a. — A  case  of  amoebic  dysentery  <Maryland  M.  J.,  Bait.  (794),  v.  35 
(9),  June  13,  pp.  145-140.     [Wm.l 
von  Leyden,  Ernst;  &  Loewenthal,  Waldemar. 

1905  a. — Entamoeba  buccalis  Prowazek  bei  einem  Fall  von  Carcinom  des 
Mundbodens  <Charite-Ann.,  Berl.,  v.  29,  pp.  3-11,  pi.  1,  figs.  1-12.     [Wm.] 
Liebetanz,  Erwin.     [Dr.,  prakt.  Tierarzt,  Janowitz  i.  P.] 

1905   a. — Die   parasitische   Protozoen   des   Wiederkauermagens.      [Prelimi- 
nary  article]   <Berl.   tieriirztl.   Wchnschr.      (18),   4.    Mai,   pp.   313-314. 
[Wa,  Wm.] 
(1905).— Idem.     [Original.]     84  pp.    8°.     Bern. 

1910. — Die    parasitischen    Protozoen    des    Wiederkauermagens    <Arch.    f. 
Protistenk.,  Jena,  v.  19   (1),  pp.  19-80,  fig.  1,  pis.  1-2,  figs.  1-58.     [MS. 
dated  Mai  1905.]     [Wa.] 
Lindner,  P. 

(1896  a). — Das  Vorkommen  von  Amoben  im  Garungsbetriebe  < Wchnschr. 
f.  Brauerei,  Berl.,  p.  1231. 
Liston,  W.  Glen.     [Major  I.  M.  S.] 

1911. — Contributions  to  the  study  of  pathogenic  amoebae  from  Bombay. 
Part  1.  An  examination  of  some  cultures  of  amoebae  isolated  from 
dysenteric  lesions  and  other  sources  < Quart.  J.  Micr.  Sc,  Lond.,  n.  s. 
(226),  v.  57  (2),  Nov.,  pp.  107-122;  127-128,  pis.  16-18,  figs.  1-32.  [MS. 
dated  Nov.  1910.]  [Wa.]  [For  pt.  2,  see  Martin,  C.  H.,  1911,  pp. 
122-128.] 
Lobas,  N.  S. 

1894  a. — K  kazuistik  amoebiikh  enteritov.     [Occurrence  of  amebic  enteritis.] 
[Russian  text]   <Vrach,  St.  Petersb.,  v.  15   (30),  28  yulia,  pp.  845-847. 
[Wm.] 
Lock  wood,  Charles  E.     [M.  D.,  New  York.] 

1897  a. — A  contribution  to  the  study  of  amoebic  dysentery.     [Read  Jan.  26] 

<Tr.  M.  Soc.  N.  York,  Phila.,  pp.  244-251,  2  figs.     [Wm.] 
1897  b.— Idem  <Med.  Rec,  N.  Y.   (1378),  v.  51  (14),  Apr.  3,  pp.  475-478, 
figs.  1-2.     [Wm.] 
Loesch,  F.     [Klin.  Asst.  &  Privatdocent,  Innere  Med.,  St.  Petersburg.] 

1875  a. — Massenhafte  Entwickelung  von  Amoeben  im  Dickdarm  <Arch.  f. 
path.  Anat.  [etc.],  Berl.,  v.  65,  6.  F.,  v.  5  (2),  10.  Nov..  pp.  196-211,  pi.  10. 
figs.  1-3.     [Wa,  WTm.] 
Loewenthal,  Waldemar. 

1903.— [Discussion  of  Huber,  J.  Ch.,  1903  b]   <Deutsche  med.  Wchnschr., 
Leipz.,  v.  29  (34),  20.  Aug.,  Ver.-Beilage,  pp.  267-268.     [WTa,  Wm.] 
Loewenthal,  Waldemar;  &  von  Rutkowski,  Walter. 

1907. — Die  Wirkung  von  Rontgen  und  Radiumstrahlen  auf  Trypanosoma 
lewisii  <Therap.  d.  Gegenw.,  Berl.,  v.  48,  n.  F.,  v.  9  (9),  Sept.,  pp.  393- 
395.     [Wm.] 
Long.  J.  D.     [Passed  Asst.  Surg.,  U.  S.  Pub.  Health  &  Mar.-Hosp.  Serv.] 

1909.— Amebic  dysentery.     [Read  at  39.  Ann.  Meet..  State  Soc,  San  Jose, 
Apr.]  <Calif.  State  J.  M.,  San  Fran.,  v.  7  (6),  June,  pp.  199-201.     [Wa.] 
1909.— Idem  < Proctologist,  St.  Louis,  v.  3  (2),  June,  pp.  56-57.     [Wm.] 
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Long,  J.  D. — Continued. 

1910.— Amebiasis  <  Calif.  State  J,  M ..  San  Fran.,  v.  8  (2),  Feb.,  pp.  47-49. 
[Wa.] 
Lorentz,  E.     [Dr.] 

1911. — Ipecacuanha  tegen  dysenteric  <Med.  Weekbl.,  Ainst,  v.  18  (18),  29 
Juli,  pp.  225-227.     [MS.  dated  Juni  ]     [Wm.] 
Low,  George  Ctarmichael]. 

1912. — [Demonstration  of  specimens  of  amoebae  sent  by  Major  Marshall 
from  Edinburgh]     <Tr.  Soc.  Trop.  M.  &  Hyg.,  Lond.,  v.  5  (6),  Apr.,  p. 
227.     [Wm.] 
Luehe,  Max[imilian  Friedrich  Ludwigj.     [Privatdoc,  Zool.  &  vergl.  Anat.,  zo«l. 
Mas.,  Konigsberg  i.  Pr.] 
'906. — Die   im   Blute   schmarotzenden   Protozoen   und   ihre  nachsten   Ver- 
wandten   <Handb.  d.   TropenkrankL.    (Mense),  Leipz.,  v.  3,  pp.  69-268, 
figs.  1-60,  pis.  6-S.     [Wa.  Wm] 
009. — Genera tionswechsel  bei  Protozoen.     [Read  16.  Nov.  1908]   <Schrift. 
d.  phys.-okonoin.  Gesellsch.  zu  Konigsb.  i.  Pr.   (1908),  v.  49,  10.  Mai,  pp. 
418-424.     [Wa.] 
Lutz,  Adolph.     [Dr. ;  Direktor.  bakteriol  Inst,  Sao  Paulo.] 

1891  a. — Zur  Kenntniss  der  Amoben- Enteritis  und  Hepatitis  <Centralbl.  f. 
Bakteriol.   [etc.],  Jena.  v.  10  (8).  5.  Sept.,  pp.  241-248.     [MS.  dated  15. 
Juni.]     [Wa,  Wm.] 
Lyons,  Randolph.     [M.  D.,  New  Orleans   La.] 

1912. — Observations  on  the  effect  of  ipecac,  phenol  and  salicylic  acid  on 
amebae  in  vitro.     [Read  before  Am.  Soc.  Trop.  Med.,  1911]  <N.  Orl.  M. 
&  S.  J.,  v.  64  (12),  June,  pp.  881-887.     [Wm.] 
1912. — Discussion  of  Dr.  Simon's  paper  [see  Simon,  Sidney  K.,  1912,  pp.  373- 
377]  <N.  Orl.  M.  &  S.  J.,  v.  65  (5),  Nov.,  pp.  377-378.    [Wm.] 
MacCallum,  William  George.     [M.  D.,  New  York.] 

1906. — Tropische   Leberkrankheiten      Deutsch   von   C.   Mense   <Handb.  d. 
Tropenkrankh.  (Mense),  Leipz.,  v.  3,  pp.  22-68,  pis.  4-5.     [Wa.] 
McCarrison,  Robert.     [M.  D.,  M.  R.  C.  P.  Lond.;  Capt.  I.  M.  S.] 

'909. — Observations  on  the  amoebae  in  the  intestines  of  persons  suffering 
from  goitre  in  Gilgit  <  Quart,  J.  Micr.  Sc,  Lond.,  n.  s.  (212),  v.  53  (4), 
July,  pp.  723-736,  figs.  1-24.  [MS.  dated  Mar.  9.]  [Wa,  Wm.] 
1909-10.- — Observations  on  the  amoebae  in  the  intestines  of  persons  suffer- 
ing from  goitre  in  Gilgit  <  Collect  Papers  Lister  Inst.  Prevent.  M., 
Lond.  (6),  pp.  723-736,  figs.  1-24.  [MS.  dated  Mar.  9,  1909.]  [Wa.] 
McCulloch,  Henry  D.     [M.  B.] 

1906  a. — Amoebic  and  bacillary  dysentery.     [Letter  to  editors,  dated  July 
23]  <Brit.  M.  J.,  Lond.  (2380)v  v.  2  Aug.  11,  p.  332.     [Wa,  Wm.] 
McDill,  John  R.     [M.  D.,  Manila,  P.  I.] 

1907. — Dysenteric  abscess  of  the  liver  in  the  Philippine  Islands.     [Read  be- 
fore 58.  Ann.  Sess.  Am.  Med.  Ass    Atlantic  City,  N.  J.,  June]   <J.  Am. 
Iff,  Ass.,  Chicago,  v.  49    (6).   Aug.  10.   pp.  491-493;   discussion,   p.  493. 
[Wa,  Wm.] 
McDilL  John  R. ;  &  Musgrave,  William  E. 

!905a. — Amebic    infection    of    the    urinary    bladder    without    recto-vesical 
fistula  <Med.  News,  N.  Y..  v.  87  (25),  Dec.  16,  pp.  1163-1164.     [Reported 
Manila  Med.  Soc,  Nov..  1904]      [Wm.] 
Mcfllroj,  J.  B.     [M.  D.,  Stovall,  Miss] 

1902. — Amebic  dysentery,  with  report  of  a  case  complicated  with  malaria. 
[Read  before  Tri-State  Med.  Ass  (Miss.,  Ark.,  &  Tenn.),  Memphis,  Nov. 
20,  1901]   <Memphis  M.  Month    v.  22  (4),  Apr.,  pp.  169-176.     [Wm.] 
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Macfadyen.  Allan.     [M.  D. ;  Prof.,  Bacterid.,  College  State  Med.,  London.] 

1893. — Bacteriological    notes   on   a    case   of   tropical    abscess  of   the   liver 

<Brit.  M.  J.,  Lond.  (1698),  v.  2,  July  15,  p.  114.     [Wa,  Wm.] 
1893. — Further  bacteriological  notes  [to  Fayrer,  Joseph,  1893,  pp.  521-545] 
<Hyg.  &  Dis.  Warm  Climates  (Davidson),  Edinb.  &  Lond.,  pp.  531-532. 
[Wm.] 
MacLeod,  Neil.     [M.  D.,  Edinburgh.] 

1895. — Tropical  abscess,  rarely  a  primary,  usually  :i  secondary,  affection  of 
the   liver    < Lancet,    Loud.    (3765),   v.   73,   v.   2,   Oct.   26,   pp.   1037-1039. 
[Wm.] 
McMillan,  Roscoe  D.     [M.  D.,  Red  Springs,  N.  C] 

1912. — Amebic  dysentery.     [Read  before  N.  Carolina  State  Med.  Soc,  Ilen- 
dersouville,  June  18]    <01d  Dominion  J.  M.  &  S.,  Richmond,  v.  16   (2), 
Aug.,  pp.  47-52.     [Wm.] 
McMurtry,  Lewis  S.     [Louisville,  Ky.] 

1910.— [Discussion   of   Hanes,   Granville    S.,    1910,    pp.   1140-1146]    <Ken- 
tucky  M.  J.,  Bowling  Green,  v.  8  (1),  Jan.  1,  p.  1147.     [Wm.] 
Maggiora,  Arnaldo.     [Dr.;  Prof.,  Univ.  di  Torino.] 

1891. — Alcune  osservazioni  microscopiche  e  batteriologiche  fatte  durante 
una  epidemia  di  entero-colite  dissenterica.  [Read  10  apr.]  <Gior.  r. 
Accad.  di  med.  di  Torino,  an.  54  [3.  s.],  v.  39  (7-8),  luglio-agosto,  pp. 
718-733.  [Wm.] 
1892  a. — Einige  mikroskopische  und  bakteriologische  Beobachtungen  wahr- 
end  einer  epidemischen  dysenterischen  Dickdarmentztindung  <Centra!bl. 
f.  Bakteriol.  [etc.],  Jena,  v.  11  (6-7),  20.  Feb.,  pp.  173-184.  [MS.  dated 
Dec.  1891.]  [Wa,  Wm,  Wa] 
Mallory,  Frank  Burr.     [M.  D.] 

1897  a. — On  certain  improvements  in  histological  technique.  1.  A  differen- 
tial stain  for  Amoebae  coli.  2.  Phosphotungstic-acid-haematoxylin  stain 
for  certain  tissue  elements.  3.  A  method  of  fixation  for  neuroglia  fibres 
<J.  Exper.  M.,  N.  Y.,  v.  2  (5),  Sept.,  pp.  529-533,  pi.  41,  figs.  1-5.  [Wa, 
Wm.] 

Manaud,  A. 

1911. — Traitement    de    la    dysenterie    amibienne    par    la    poudre    d'ipecac 
deseni6tinisee   <Bull.   Soc.  de  path,   exot,  Par.,   v.  4    (5),  10  mai,  pp. 
322-324;  note  by  Bertrand,  p.  325.     [MS.  dated  20  mars.]     [Wa,  Wm.] 
Manner,  Franz.     [Dr.] 

1896  a. — Ein  Fall  von  Amobendysenterie  und  Leberabscess   <Wien.  klin. 
Wchnschr.,  v.  9   (8),  20.  Feb.,  pp.  129-131;    (9),  27.  Feb.,  pp.  153-155. 
[Wm.] 
Manson,  (Sir)  Patrick.     [M.  D.,  M.  R.  C.  P.,  LL.  D. ;  Lecturer,  Trop.  Dis.,  St. 
George's  Hosp.  Med.  School;  and  Lond.  School  Trop.  Med.] 
1894. — Remarks  on  amoebic  abscess  of  the  liver.    With  a  report  on  the 
pathology  by  James  Galloway  <Brit.  M.  J.,  Lond.  (1735),  v.  1,  Mar.  31, 
pp.  676-678,  1  fig.     [Wm.] 
1901  a.— Dysentery  <Pract.  Med.  (Gibson),  Phila.,  v.  1,  pp.  261-265.     [Wm.] 

1901  b. — Liver  abscess  of  warm  climates  <  Ibidem,  pp.  265-270.     [Wm.] 

1902  g.— [Discussion  on  dysentery]  <Brit.  M.  J.,  Lond.  (2177),  v.  2,  Sept. 
20,  p.  851.     [Wa,  Wm.] 

1904. — Tropical   diseases.    A  manual   of  the  diseases  of  warm   climates. 

xxiv+756  pp.,  126  figs.,  2  pis.     12°.     London.     [Wa.] 
1907. — Idem.    4.  ed.,  thoroughly  revised  and  enlarged,    xx+876  pp.,  241 

figs.,  7  pis.,  frontispiece.    12°.    New  York.     [WTm.] 
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Mansoii,  (Sir)  Patrick — Continued. 

1908. — [Tropical  abscess  of  liver.]  [Abstract  of  discussion  before  76.  Ann. 
Meet.  Brit.  Med.  Ass.,  Sheffield,  July]  <Brit.  M.  J.,  Lond.  (2495),  v.  2, 
Oct.  24,  p.  1253.     [Wa,  Wm.] 

Marcano,  G.     [Dr.] 

190S. — Sur  un  travail  de  .  .  .  concernant  le  diagnostic  des  abces  dysen- 
teriques  de  la  convexite  du  foie.  [Rapport  par  A.  Chauffard,  5  mai] 
<Bull.  Acad,  de  m§d.,  Par.,  3.  s.,  v.  59  (18),  pp.  501-505;  discussion,  pp. 
505-506.     [Wm.] 

Marchoux.  Emile.     [Dr.,  l'lnst.  Pasteur,  Paris.] 

1899  c. — Note  sur  la  dysenterie  des  pays  chauds.     [Read  4  nov.]  <Compt. 

rend.  Soc.  de  biol.,  Par.,  11.  s.,  v.  1  (32),  10  nov.,  pp.  870-871.     [Wa,  Wm, 

Wa] 
1908. — Dysenteric  amoebae  and  liver  abscess.     [Read  before  76.  Ann.  Meet. 

Brit.  Med.  Ass.,  Sheffield,  July]   <Brit.  M.  J.,  Lond.  (2495),  v.  2,  Oct.  24, 

pp.  1252-1253.     [Wa,  Wm.] 
1909. — Amibes  dysenteriques  et  suppuration  du  foie  <Presse  med.,  Par., 

v.  17  (4),  13  Jan.,  p.  27.     [Wa,  Wm.] 

Marshall.  D.  G.     [Major,  Indian  Med.  Serv. ;  Lecturer,  Trop.  Dis.,  School  Med., 

Roy.  College,  Edinburgh.] 
1899  a. — The  Amoeba  dysenteriae:  Its  relation  to  tropical  abscess  of  the 

liver  <Brit.  M.  J.,  Lond.   (2006),  v.  1,  June  10,  pp.  1386-1388,  figs.  1-5. 

[Wa,  Wm.] 
(1912). — A  case  of  amoebic  dysentery  occurring  in  a  man  who  had  never 

been  out  of  Scotland  <Edinb.  M.  J.,  Mar. 
1912.— Idem  <J.  Trop.  M.  &  Hyg.,  Lond.,  v.  15   (7),  Apr.  1,  pp.  108-110. 

[Wa,  Wm.] 

Marshall,  Harry  T.     [Dr.] 

1909. — An  unusual  case  of  amoebic  dysentery.     [Read  before  Am.  Ass.  Path. 

&  Bacteriol.,  Apr.  9]   <Philippine  J.  Sc,  Manila,  v.  4  (5),  Oct.,  pp.  303- 

307,  1  pi.     [Wa.] 
Martin,  Charles  F.     [M.  D.] 

1911. — Dysentery  <Handb.  Pract.  Treat.  (Musser  &  Kelly),  Phila.  &  Lond., 

v.  2,  pp.  643-657.     [Wm.] 
Martin,  C.  H.     [M.  A.] 

1911. — Contributions  to  the  study  of  pathogenic  amoebae  from  Bombay. 

Part  2.  Descriptions  of  preparations  of  amoebae  from   Major  Liston's 

cultures  < Quart.  J.  Micr.  Sc,  Lond.,  n.  s.  (226),  v.  57  (2),  Nov.,  pp.  122- 

128,  pis.  16-18,  figs.  1-32.     [MS.  dated  Apr.  4.]     [Wa,  Wm.]     [For  pt.  1, 

see  Liston,  W.  Glen,  1911,  pp.  107-122;  127-128.] 
1911. — A  note  on  the  early  stages  of  nuclear  divisions  of  the  large  amoeba 

from  liver-abscesses  < Ibidem,  pp.  279-281,  figs.  1-7.     [Wa,  Wm.] 

Martin,  F.  S.     [M.  D.,  Beaumont,  Texas.] 

1905  a.— Dysentery  <Charlotte  [N.  C]  M.  J.,  v.  26  (6),  June,  pp.  378-381. 
[Wm.] 

Martini.     [Prof.  Dr.] 

1908. — Amobentrager  <Arch.  f.  Schiffs-  u.  Tropen-Hyg.,  Leipz.,  v.  12  (18), 

Sept.,  pp.  588-591.     [MS.  dated  2.  Juni.]     [Wm.] 
1910. — Ueber  einen  bei  amobenruhrahnlichen  Dysenterien   vorkommenden 

Ciliaten  <Ztschr.  f.  Hyg.  u.  Infektionskrankh.,  Leipz.,  v.  67  (3),  31.  Dec., 

pp.  387-390,  1  fig.     [Wa,  Wm.] 
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Ma  rtini — Continued. 

1911. — Mikrobiologischo   Hrfahruugen   bei   den   epidemischen    Bemerkungen 
des  Schutzgebietes  Kiautschou  und  der  Provinz  Schantung  in  den  Jahren 
1907  bis  1911  <Ztsehr.  f.  Hyg.  u.  Infektionskrankh.,  Leipz.,  v.  69  (2),  12. 
Sept.,  pp.  37G-39G.     [Wa,  Win.] 
Marvel,  Philip.     [Dr.,  Atlantic  City,  N.  J.] 

1903  a. — A  case  of  Amoeba  coli  dysentery.     [Secretary's  abstract  of  paper 
read  before  137.  Ann.  Meet.  Med.  Soc.  New  Jersey,  June  23]  <Med.  Rec., 
N.  Y.  (170S),  v.  64  (5),  Aug.  1,  p.  194.     [Wa,  Wm.] 
Masyutin,  N.  G. 

1889  a. — Demonstration  bolnai,  stradayushai  Amoeba  coli.  [Demonstra- 
tion of  a  patient  with  Amoeba  coli.]  [Russian  text]  <Protok.  zasaid. 
Obsh.  Kievsk.  vrach  (1888-89),  pp.  60-64.  [Wm.] 
1889  b. — Ob  amebakh,  kak  chuzheyadnfkh  tolstikh  hishek.  [Amoebae  as 
parasites  of  the  large  intestines.]  [Russian  text]  <Vrach,  St.  Petersb., 
v.  10  (25),  22  yunia,  pp.  557-559.  [Wm.] 
Mathis,  C. ;  &  Leger,  M. 

1911. — Recherches  de  parasitologic  et  de  pathologie  humaine  et  animales  au 
Tonkin,     viii+1  p.  1.+451  pp.,  24  figs.,  14  pis.     8°.     Paris.     [Wa.] 
Mathis,  C. ;  Leger,  M. ;  &  Jouvenu-Dubreuil. 

(1911). — Diminution  du  taux  des  eosinophils  dans  l'hepatite  suppuree  ami- 

bienne  <Rull.  Soc.  m€d.  chir.  de  l'lndo-Chine,  v.  2,  pp.  28-42. 
(1911). — Du  taux  des  eosinophils  dans  la  dysenterie  amibienne  <Ibldem 

p.  200. 
1912.— Idem.     [Abstract  by  M.  Leger]  <Bull.  de  l'Inst.  Pasteur,  Par.,  v.  10 

(9),  15  mai,  p.  405.     [Wa,  Wm.] 
1912. — Diminution  du  taux  des  eosinophils  dans  l'hepatite  suppuree  ami- 
bienne.    [Abstract  of  1911,  pp.  28-42,  by  M.  Leger]  < Ibidem,  pp.  405-406. 
[Wa,  Wm.] 
Matthews,   E.  A.   C.     [M.  A.,  M.   B.   Cantab.;   Capt.   I.  M.   S. ;   10th  D.  C.   O. 
Lancers.] 
1905. — The  etiology  of  dysentery  with  some  notes  on  treatment  < Indian  M. 
Gaz.,  Calcutta,  v.  40  (7),  July,  pp.  253-257,  figs.  1-3.     [Wm.] 
Maxwell,  James  L.     [Dr.,  Formosa.] 

1908. — [Tropical  abscess  of  liver.]     [Abstract  of  discussion  before  76.  Ann, 
Meet.  Brit.  Med.  Ass.,  Sheffield,  July]   <Brit.  M.  J.,  Lond.   (2495),  v.  2, 
Oct.  24,  p.  1254.     [Wa,  Wm.] 
Maxwell,  J.  Preston.     [M.  B.,  F.  R.  C.  S.,  Yung-Chun,  Amoy.] 

(1909). — Rare  cases  from  the  Fukien  Province.  South  China.     A  case  of 
amoebic  abscess  of  the  spleen  <Tr.  Soc.  Trop.  M.  &  Hyg.,  Lond.,  v.  2  (9). 
1909.— Idem.     [Abstract]    <Trop.  M.  &  Hyg.,  Lond.,  v.  12   (16),  Aug.  16, 
p.  248;  discussion,  pp.  248-249.     [Wa,  Wm.] 
Mayer,  August  Franz  Joseph  Karl.     [Dr.,  Prof.,  Anat.  u.  Physiol,  a.  d.  k.  preuss. 
Rhein.  Univ.,  Bonn*] 
1843  a. — Spicilegium  observationum  anatomicarum  de  organo  electrico  in 
Raiis  anelectricis  et  de  haeinatozois.     17  pp.,  3  pis.     4°.     Ronnae.     [Wa.] 
Meisenbach,  A.  H.     [Dr.] 

1902.— [Discussion  of  Nietert,  H.  L.,  1902,  pp.  55-61]  <St.  Louis  Med.  Rev. 
(1901),  v.  46  (4),  July  23,  p.  65.     [Wm.] 
Menetrier,  P.     [Dr. ;  Prof.  agreg6  a  la  Fac.  de  med. ;  M6d.  de  1'hCp.,  Tenon.] 

1910. — Sur  un  cas  de  salpingite  amibienne.  [Abstract  of  remarks  before 
Acad,  de  m§d.,  31  mai,  by  Ph.  Pagniez]  <Presse  med.,  Par.,  v.  18  (44), 
ler  juin,  p.  415.     [Wa,  Wm.] 
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Menetrier,  P. — Continued. 

1910. — Salpingite  amibienne  <Arch.  de  parasitol.,  Par.,  v.  14  (1),  30  juillet, 
pp.  154-159,  figs.  1-2.     [Wa,  Wm.] 
Menetrier,  P.;  &  Touraine,  A.  [Interne  d.  h6p.]. 

1908. — AbscSs  amibienne  du  foie.  Phag£deuisme  cutanS  amibien.  [Read  12 
juin]  <Bull.  et  niem.  Soc.  m6d.  d.  h6p.  de  Par.,  3.  s.,  v.  25,  pp.  905-913, 
1  fig. ;  discussion,  pp.  913-914.     [Wm.] 

Mercier,  L.     [Chef  d.  trav.  de  zool.,  Fac.  d.  sc,  Nancy.] 

1907. — Un  parasite  du  noyau  d'Amoeba  blattae  Biitschli      [Read  10  juin] 

<Compt.  rend.  Soc.  de  biol.,  Par.,  an.  59,  v.  62,  v.  1   (21),  21  juin,  pp. 

1132-1134.     [Wa,  Wm.] 
1908. — La  schizogonie  simple  chez  Amoeba  blattae  Biitschli  <Compt.  rend. 

Acad.  d.  sc,  Par.,  v.  146  (18),  4  mai,  pp.  942-945.     [Wa,  Wm,  Wc] 
1909. — Le  cycle  evolutif  d'  Amoeba  blattae  Biitschli.     (Note  preliminaire) 

<Arch.  f.  Protistenk.,  Jena,  v.  16  (2),  pp.  164-168.     [MS.  dated  Mar.  10.] 

[Wa,  Wm.] 
1910. — Contribution  a  l'Stude  de  l'amibe  de  la  blatte  (Entamoeba  blattae 

Biitschli)  <Ibidem,  v.  20  (2),  pp.  143-175,  figs.  I-VI,  pis.  10-12,  figs.  1-63 

[Wa.] 

von  Mereschkowsky,  C.     [St.  Petersburg.] 

1878  a. — Studien  fiber  Protozoen  des  nordlichen  Russland  <Arch.  f.  mikr. 
Anat,  Bonn,  v.  16  (2),  20.  Dec.,  pp.  153-248,  pis.  10-11.     [Wm.] 
Messineo,  Giuseppe.     [Dr.,  Capitano  med.,  Asst.  onorario.] 

1911. — Contribute  alio  studio  delle  enterocolite  da  amebe  <Gazz.  med.  ital., 
Torino,  v.  62  (25),  22  giugno,  pp.  241-244.     [Wm.] 

Metcalf,  Maynard  M.     [Prof.,  Zool.,  Oberlin  College.] 

1910. — Studies  upon  amoeba  <J.  Exper.  Zool.,  Phila.,  v.  9  (2),  Oct.,  pp. 
301-331,  figs.  1-45.     [Wa.] 

Mgtin,  B. ;  &  Guillon,  A. 

1908. — Dysenterie  et  vers  intestinaux  a  propos  d'un  cas  de  dysenterie  tropi- 
cale  a  6tiologie  complexe  <Rev.  de  m6d.  et  d'hyg.  trop.,  Par.,  v.  5  (2), 
pp.  98-102.     [Wm.] 

Meyer,  H.     [Dr.,  Dresden.] 

1906. — Ueber  chronische  Dysenterie  und  ihre  Behandlung.  [Read  before 
Freien  Ver.  f.  inn.  Med.  Konigr.  Sachsen,  24.  Mai]  <Deutsche  med. 
Wchnschr.,  Leipz.,  v.  32  (33),  16.  Aug.,  pp.  1327-1330.     [Wa,  Wm.] 

Milks,  H.  J.     [D.  V.  M.,  Asst.  Vet.  &  Bacteriol.] 

1908. — A  preliminary  report  on  some  diseases  of  chickens  <Bull.  108, 
Louisiana  Agric.  Exper.  Station,  Baton  Rouge,  Aug.,  11  pp.,  4  pis.,  figs. 
1-4.     [Wa.] 

Miller,  Casper  O.     [Dr.  med.] 

1894  a. — Ueber   aseptische   Protozoenkulturen    und   die   dazu   verwendeten 

Methoden  <Centralbl.  f.  Bakteriol.  [etc.],  Jena,  v.  16  (7),  25.  Aug.,  pp. 

273-280.     [Wa,  Wm,  Wc] 
Minchln,  Edward  Alfred.     [M.  A.;  Prof.,  Zool.,  Univ.  College,  London.] 

1907.— Protozoa  <Syst  Med.    (Allbutt  &  Rolleston),  Lond.,  v.  2   (2),  pp. 

9-122,  figs.  1-82.     [Wm.] 
1909.— Protozoa  < Ibidem,  pp.  9-122,  figs.  1-82.     [Wa.] 
1910. — On  some  parasites  observed  in  the  rat-flea  (Ceratophyllus  fasciatus) 

<Festschr.  z.  60.  Geburtst.  Richard  Hertwigs  (Mtinchen),  Jena,  v.  1,  pp. 

289-302,  pi.  23,  figs.  1-11.     [MS.  dated  Feb.  22.]     [Wm.] 
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Miura,  Kinnosuke.     [Dr.;  Prof.,  Univ.  Tokyo.] 

1900. — Amobenbefund   in   der  Punctionsflilssigkeit  bei  Tumoren  der   Peri- 
toneal liohle.     18  pp..  4  figs.     4°.     Tokio.     [Lib.  Stiles.] 
1901.— Idem  <Mitth.  a.  d.  med.  Fac.  d.  k.-.1ap.  Univ.  zu  Tokio,  v.  5   (1), 
pp.  1-18,  figs.  1-4.     [Wm.] 
Molisch,  Hans. 

1903  a. — Amoeben    als    parasiten    in    Volvox    <Ber.    d.    deutsch.    bot.    Ge- 
sellsch.,  Bed.,  v.  21  (1),  25.  Feb.,  pp.  20-23,  pi.  3,  figs.  1-5.     [Wa.] 
Moniez,  R[omain-Louis]. 

1896  a. — Trait6  de  parasitologic  animale  et  veggtale  appliquee  a  la  medi- 
cine.    viii+680  pp.,  116  figs.    8°.    Paris.     [Wa,  Wm.] 
Morgenroth.     [Dr.,  Stabsarzt.] 

1904. — Ueber  Ruhruntersuchungen  in  China,  in  besonderen  fiber  die  Bak- 
terienarten,  die  bei  chinesiscber  Ruhr  gefunden  und  durch  Blutserum  ag- 
glutiniert  wurden  <Arch.  f.  Schiffs-  n.  Tropen-Hyg.,  Leipz.,  v.  8  (1),  pp. 
27-35.     [Wm.] 
Moroff,  Theodor.     [Dr.,  k.  bayer.  biol.  Versuchsstation  f.  Fischerei,  Mtinchen.] 
1908. — Die  bei  den  Cephalopoden  vorkommenden  Aggregataarten  als  Grund- 
lage  einer  kritischen  Studie  fiber  die  Physiologie  des  Zellkernes  <Arch. 
f.  Protistenk.,  Jena,  v.  11  (1),  pp.  1-224,  74  figs.,  pis.  1-11,  figs.  1-103  e, 
[Wa,  Wm.] 
Mosler,  [Karl]  Friedrich   [Dr..  Docent  u-  klin    Asst.-Arzt,  Giessen] ;  &  Peiper, 
Erich. 
1894  a. — Thierische    Parasiten    <Spec.    Path.    u.    Therap.,  .  .  .  Nothnagel, 
Wien,  v.  6,  xii+345  pp.,  124  figs.     [Wm.] 
Motas,  C.  S.     [Prof.,  Ecole  supe'r.  de  m6d.  v€t,  de  Bucarest.] 

1906. — Le  role  des  protozoaires  dans  les  maladies  des  animaux  <Rep.  8. 
Internat.  Vet.  Cong.,  Budapest,  1905,  v.  2,  pp.  681-698.     [Wa.] 
Moulden,  William  R.     [Dr.,  Washington,  D.  C] 

1906  a. — Comparative  treatment  of  intestinal  amebiasis  <Med.  Rec,  N.  Y. 

(1864),  v.  70  (4),  July  28,  pp.  132-135.     [Wa,  Wm.] 
1908. — Tratamiento  de  la  disenteria  amibiana  por  las  inyecciones  rectalee 
de  sulfato  de  cobre.     [Editorial  abstract]    <Habana  med.,  v.  11    (10), 
oct.,  p.  78.     [Wa,  Wm.] 
Miiller,  Oskar.     [M.  D.,  Hongkong.] 

1912. — The  surgical  treatment  of  dysentery.     [Secretary's  abstract  of  paper 
read  before  2.  bien.  Cong.  Far  East.  Ass.  Trop.  M.,  Hong  Kong]     <J. 
Trop.  M.  &  Hyg.,  Lond.,  v.  15  (20),  Oct.  15,  pp.  314-315.     [Wa,  Wm.] 
Mugliston,  T.  C. ;  &  Freer,  G.  D.     [Colonial  Surgeons,  Penang.] 

1905  a. — An  undescribed  form  of  ulceration  of  the  large  intestine,  probably 
of  amoebic  origin,  causing  in  some  cases  abscess  of  the  liver  <J.  Trop. 
M.,  Lond.,  v.  8  (8),  Apr.  15,  pp.  113-115,  2  figs.     [Wa.  Wm.] 
Munro,  John  C. ;  &  Councilman,  William  T.     [M.  D.'s.] 

1897. — A  case  of  amoebic  abscesses  of  the  liver,  with  autopsy  <Med.  &  Surg. 
Rep.  Bost.  City  Hosp.,  8.  s.,  pp  352-358.     [Wm.] 

Murphy,  Franklin  E.     [M.  D.,  Kansas  City,  Mo.] 

1894.— A  case  of  amoebic  dysentery  <J.  Am  M.  Ass..  Chicago,  v.  22  (5), 
Feb.  3,  p.  149.     [Wm.] 

Murray,  Francis  W.     [M.  D.,  New  York.] 

1901. — The  surgical  treatment  of  amoebic  dysentery.  [Read  at  Meet.  Hosp. 
Graduates'  Club,  Oct.  25,  1900]  <Ann  Surg.,  Phila.,  v.  33  (5)  [May], 
pp.  574-581.     [Wm.] 
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Musgrave,  William  E.     [M.  D. ;  Path.,  Govt.  Lab. ;  Physician,  St.  Paul's  Hosp., 
Manila,  P.  I.] 

1904  a. — Treatment  of  intestinal  amebiasis  (amebic  dysentery)  in  the 
tropics  <  [Publication]  (18),  Bureau  Govt.  Lab.,  Manila,  Oct.,  pp.  87-117. 
[Wa.] 

1905  d.— Idem  <J.  Am.  M.  Ass.,  Chicago,  v.  44  (14),  Apr.  8,  pp.  1098-1107. 
[Wa,  Wm,  Wa] 

1905  1. — Symptoms,  diagnosis  and  prognosis  of  uncomplicated  intestinal 
amebiasis  in  the  tropics.  [Read  before  56.  Ann.  Sess.  Am.  Med.  Ass., 
July  11-14]  <J.  Am.  M.  Ass.,  Chicago,  v.  45  (12),  Sept.  16,  pp.  830-837. 
[Wa,  Wm,  Wa] 

1906  a. — Amoebiasis :  Its  association  with  other  diseases,  its  complications, 
and  its  after  effects.  [Abstract  of  paper  read  before  Philippine  Islands 
Med.  Ass.,  Mar.  3]  <Philippine  J.  Sc,  Manila,  v.  1  (5),  June,  pp.  547-573. 
[Wa,  Wm.] 

1910. — Intestinal  amoebiasis  without  diarrhoea.  A  study  of  fifty  fatal 
cases  <Ibidem,  v.  5  (2),  July,  pp.  229-231.     [Wa,  Wm.] 

1912. — The  treatment  of  intestinal  amebiasis.  [Read  before  62.  Ann.  Sess., 
Los  Angeles,  June,  1911]  <J.  Am.  M.  Ass.,  Chicago,  v.  58  (1),  Jan.  6, 
pp.  13-17  ;  discussion,  pp.  17-18.     [Wa,  Wm,  Wa] 

Musgrave,  William  E. ;  &  Clegg,  Moses  T.  [Asst.  Bacteriol.,  Biol.  Lab.]. 

1903  a. — Trypanosoma  and  trypanosomiasis,  with  special  reference  to  surra 
in  the  Philippine  Islands  <  [Publication]  (5),  Bureau  Govt.  Lab.,  Manila, 
248  pp.,  figs.  1-155.     [Wa.] 

1904  h. — Amebas:  Their  cultivation  and  etiologic  significance  <  [Publica- 
tion] (18),  Bureau  Govt.  Lab.,  Manila,  Oct.,  pp.  5-85,  pis.,  figs.  1-3,  1-32. 
[Wa.] 

1905  m. — Amebas :  Their  cultivation  and  etiological  significance  < J.  Infect. 
Dis.,  Chicago,  v.  2  (2),  Mar.  1,  pp.  334-350,  pi.  12,  figs.  1-4.     [Wa,  Wm.] 

1906. — The  cultivation  and  pathogenesis  of  amoebae   <Philippine  J.   Sc, 

Manila,  v.  1  (9),  Nov.,  pp.  909-950,  5  pis.,  figs.  1-10.     [Wa,  Wm.] 
Musser,  John  H.     [Asst.  Prof.,  Clin.  Med.,  Univ.  Penn.] 

1890  a. — Some  clinical  remarks  on  dysentery  <Univ.  M.  Mag.,  Phila.,  v.  3 

(3),  Dec,  pp.  116-124.     [Wm.] 
1900  b. — [Note  on  tropical  dysentery.]     [Abstract  of  paper  read  before  51. 

Ann.  Meet.  Am.  Med.  Ass.,  Atlantic  City,  June  5]   <Phila.  M.  J.   (128), 

v.  5  (23),  June  9,  pp.  1262-1263.     [Wa,  Wm.] 
1902  a.— [Discussion  on  dysentery]   <Brit.  M.  J..  Lond.   (2177),  v.  2,  Sept 

20,  p.  851.     [Wa,  Wm.] 

Musser,  John  H. ;  &  Willard,  De  Forest. 

1893  a. — A  case  of  abscess  of  the  liver  following  amebic  dysentery,  with 

remarks  <Univ.  M.  Mag.,  Phila.,  v.  5  (7),  Apr.,  pp.  525-530.     [Wm.] 
1893. — A  case  of  abscess  of  the  iiver  following  amoebic  dysentery:  With 

remarks.     [Read    Feb.    22]    <Proc.    Phila.    Co.    M.    Soc.,    Phila.,    v.   14, 

pp.  100-105;  discussion,  p.  105.     [Wm.] 
1904. — Infection  in  the  upper  abdomen:  Probably  an  abscess  of  the  liver  of 

amebic  origin.     [Read  Mar.  23]   <Ibidem,  v.  25.  n.  s.,  v.  6  (4),  Apr.  30, 

pp.  115-118.     [Wm.] 
Myer,  Jesse  S.     [M.  D.,  St.  Louis,  Mo.] 

1002  a.— Endemic   amebic  dysentery.      [Read  before   St.   Louis   Med.    Soc., 

Apr.    19]    <St.  Louis  Med.  Rev.    (1089),  v.  46    (2),  July  12,   pp.  19-26, 

figs.  1-4.     [Wm.] 
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Njiogler,  Kurt.     [Dr.] 

1909. — Entwioklungsgeschichtliche  Studien  fiber  Auioben   <Arch.  f.  Protis- 

tenk.,  Jena,  v.  15  (1-2),  pp.  1-53,  pis.  1-6,  figs.  1-139.     [Wa,  Win.] 
1910. — Fakultath  parasitische  Mierococcen  in  Amoben  <Ibidem,  v.  19  (3), 

pp.  240-254.  pj.  10,  figs.  1-24.     [Wa,  Win.] 
1911. — Studies  iiber  Protozoen  aus  einem  Alintiiinpel.    1.  Amoeba  hartmanni 
n.  sp.  An  hang:  Zur  Centriolfrage  <Ibidem,  v.  22   (1).  pp.  56-70,  pi.  7, 
figs.  1-32.     [Wa,  Win.] 
Nasse,  D.     [Asst.  Arzt,  k.  cbir.  Univ. -Klin.] 

1891  a. — Ueber   einen   Aniobenbefund   bei   Leberabscessen,   Dysenterie   und 
Nosocomialgangran   <Arb.  a.  d.  cbir.   Klin.  d.  k.  Univ.  Berk,  v.  5,  pp. 
95-109.     [Win.] 
1892a.— Idem  <Arcb.  f.  klin.  Cbir.,  Berl.,  v.  43  (1),  pp.  40-54.     [Wm.] 
Nat  tan-La  rrier,  L.     [Dr.;  Chef  de  clin.,  Fac.  de  med.  a  l'Hotel-Dieu.] 

1907. — Un  nouveau  cas  d'abces  dysenterique  du  pouinon  <Rev.  de  med.  et 
d'byg.  trop.,  Par.,  v.  4  (2),  pp.  60-62;  discussion,  pp.  62-63.     [Wm.] 
Neresheiruer,  Eugen. 

1908. — Zur  Fortpflanzung  eines  parasitiscben  Infusors   (Ichtbyopbthirius). 
[Read  before   Gesellscb.   f.   Morpbol.   u.   Physiol,   in   Miinchen,   3.   Dec] 
<Miinchen.  med.  Wchnscbr.,  v.  55  (1),  7.  Jan.,  pp.  48-50.     [Wa,  Wm.] 
Neveu-Lemaire,  Maurice.     [Dr. ;  Prof,  agrege  a  la  Fac.  de  med.  de  Lyon.] 

1902  a. — Parasitologie  animale.     A  l'usage  des  candidats  au  3e  examen  de 
doctorat    (2e  partie).     Et  une  preface  par  R.  Blanchard.     iii+212  pp., 
301  figs.    12°.    Paris.     [Wa,  Wm.] 
1904  a.— Parasitologie  animale.     Et  une  preface  par  R.  Blanchard.     2.  ed., 

iii+220  pp.,  301  figs.     12°.     Paris.     [Wa,  Wm.] 
1912. — Parasitologie  des  animaux  domestiques.     Maladies  parasitaires  non 
bacteriennes.     ii+1257  pp.,  770  figs.     12°.     Paris.     [Wa,  Wm.] 
Newell,  A.  G.     [M.  D.,  D.  P.  H.,  Calcutta.] 

1905. — Dysentery :  Its  varieties  and  causes,  summarised  and  criticised,  with 
a  note  on  treatment  and  prevention  <Indian  M.  Gaz.,  Calcutta,  v.  40  (7), 
July,  pp.  257-260.     [Wm.] 
Newell,  H.  A.     [M.  D..  Louisburg,  N.  C] 

1910. — A  study  of  some  parasitic  diseases.     [Read  before  N.  Carolina  Med. 

Soc,  June]  <Charlotte  [N.  C]  M.  J.,  v.  62  (2),  Aug.,  pp.  97-100.     [Wm.] 

Nichols,  Henry  J.   [Capt,  Med.  Corps,  U.  S.  Army]  ;  &  Phalen,  J.  M.   [Capt, 

Med.  Corps,  U.  S.  Army]. 

190S. — The  work  of  the  board  for  the  study  of  tropical  diseases  in  the 

Philippines  <Mil.  Surg.,  Carlisle,  Pa.,  v.  23  (5),  Nov.,  pp.  361-370.    [Wm.] 

Nietert,  H.  L.     [M.  D.,  St.  Louis;  Supt,  City  Hosp.] 

1902. — Dysentery — report  of  nine  cases.     [Read  before  St.  Louis  Med.  Soc, 
Apr.  19]    <St.  Louis  Med.  Rev.   (1091),  v.  46   (4),  July  26,  pp.  55-61; 
discussion,  p.  65.     [Wm.] 
Niles,  George  M.     [M.  D.,  Atlanta,  Ga.] 

1908. — Some  remarks  on  amoebic  dysentery.     [Read  before  Fulton  Co.  Med. 
Soc]  <Atlanta  Jour.-Rec  Med.,  v.  10  (8),  Nov.,  pp.  420-424.     [Wm.] 
Noc,  F.     [Dr.,  Med.  major  d.  troupes  colon.] 

1909. — Recherches  sur  la  dysenterie  amibienne  en  Cochinchine  <Aun.  de 
l'Inst.     Pasteur,  Par.,  v.  23  (3),  25  mars,  pp.  177-204,  pis.  10-13.     [Wa, 
Wm.] 
Noeller,  Wilhelm.     [Stud.  med.  vet.] 

1912. — Entamoeba  aulastomi  nov.  spec,  eine  neue  parasitische  Amobe  aus 
dem  Pferdeegel  (Aulastomum  gulo  Moq.-Tand.)  <Arch.  f.  Protistenk., 
Jena,  v  24  (3).  pp.  195-200,  pi.  19,  figs.  1-22.     [Wa,  Wm] 
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Norcnand,  A.     [Dr.,  ined.  princip.,  division  de  Chine  et  du  Japon.] 

1879  a. — Note  sur  deux  cas  de  colite  parasitaire  <Arch.  de  m£d.  nav.,  Par., 
v.  32  (9),  sept,  pp.  211-218,  figs.  1-7.     [Wm.] 
Nothnagel,  Carl  Wilhelm  Hermann. 

1884  a. — Beitrage  zur  Physiologie  und  Pathologie  des  Darmes.  3  p.  L,  249 
pp.,  2  pis.     8°.     Berlin.     [Wm.] 

Nydegger,  James  A.  [M.  D.,  Surg.,  U.  S.  Pub.  Health  &  Mar.-Hosp.  Serv., 
Pittsburg,  Pa.] 

1907. — Amebic  dysentery  in  sailors  at  the  port  of  New  York  <West  Vir- 
ginia M.  J.,  Wheeling,  v.  2  (1),  July,  pp.  11-15.     [Wm.] 

1910. — Some  remarks  on  the  extent  of  prevalence,  the  etiology  and  treat- 
ment of  amebic  dysentery  <Penn.  M.  J.,  Athens,  v.  13  (8),  May,  pp. 
633-638.     [Wm.] 

1910. — Amebic  dysentery;  its  prevalence,  etiology  and  treatment  <West 
Virginia  M.  J.,  Wheeling  (1909-10),  v.  4  (12),  June,  pp.  399-105.  [Wm.] 
Ogata,  Masanori.     [Prof.,  Hyg.  Inst.,  Univ.  zu  Tokio.] 

(1893  a). — Kenshu  no  sunjotsu  baiyo  ni  zukete.  [Pure  cultures  of  Infu- 
soria.] [Japanese  text]  <Chiugai  Iji  Shinpo,  Tokio  (318),  pp.  1-6. 
[Wm.] 

1893  b. — Ueber  die  Reinkultur  gewisser  Protozoen  (Infusorien).  [Transl. 
of  1893  a]  <Centralbl.  f.  Bakteriol.  [etc.],  Jena,  v.  14  (6),  7.  Aug.,  pp. 
165-169.     [MS.  dated  19.  Mai.]     [Wa,  Wm,  Wc] 

de  Oliveira,   Olinto.     [Dr.,   Prof.,   clin.   pedriatica,   faculdade  de  med.,   Porto 

Alegre.] 
1904  b. — A  dysenteria  amebica  na  infancia.     [Read  before  2.  Cong.  Med.- 

Latin-Amer.,  Buenos  Aires,  abril]  <Brazil-med.,  Rio  de  Jan.,  v.  18  (32), 

22  agosto,  pp.  321-323;  (33),  1  settembre,  pp.  331-334;  (34),  8  settembre, 

pp.  341-345.     [Wm.] 
1905. — 'La  dysenterie  amibienne  chez  l'enfant  <Arch.  de  med.  d.  enf.,  Par., 

v.  8  (4),  avril,  pp.  193-213.     [Wm.] 

Olney,  T.  A.    [Dr.,  Chicago,  111.] 

1896. — A  report  of  a  case  of  amoebic  liver  abscess.  [Abstract  of  paper 
read  May  13,  1895]  <Tr.  Chicago  Path.  Soc.  (Oct,  1894-Nov.,  1895), 
v.  1,  pp.  199-200;  discussion,  pp.  200-201.     [Wm.] 

Opie,  Eugene  Lindsay.     [Dr.;  Ass.,  Path.,  Johns  Hopkins  Univ.;  Fellow,  Rocke- 
feller Inst.  Med.  Research.] 
1901. — Healed  amoebic  abscess  of  the  liver,  and  amoebic  abscess  of  the 
lung.     Exhibitions  of  specimens  < Johns  Hopkins  Hosp.  Bull.,  Bait.  (124), 
v.  32,  July,  p.  219.     [Wa,  Wm.] 
Oppenheim,  Nathan.     [Attend.   Pays.,   Child.   Dept,   Mt.   Sinai   Hosp.   Dispen., 
New  York.] 
1900  a. — The  medical  diseases  of  childhood,     xx  pp.,  1  p.  l.-f-653  pp.,  121 
figs.,  frontispiece.     8°.     New  York.     [Wm.] 

Osborn,  Samuel.     [Dr.] 

1904  a. — Amebic  dysentery,  Trichomonas  intestinalis,  Anchylostomum  duo- 
denale  and  Trichoccphalus  dispar  in  the  same  patient.  [Abstract  of 
paper  read  before  Clin.  Soc.  Hosp.,  Univ.  Michigan,  Mar.  30]  <Physi- 
cian  &  Surg.,  Detroit  &  Ann  Arbor  (304),  v.  26  (4),  Apr.,  pp.  164-167. 
[Wm.] 

Osier,  (Sir)  William.     [M.  D.,  Regius  Prof.,  Med.,  Oxford  Univ.,  England.] 
1890  b. — On  the  Amoeba  coli  in  dysentery  and  in  dysenteric  liver  abscess 
< Johns  Hopkins  Hosp.  Bull.,  Bait.,  v.  1  (5),  May,  pp.  53-54.     [Wm,  Wc] 
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Osier,   (Sir)   William— Continued. 

1890  d. — Ueber  die   in   Dysenterie  und  dysenterischem   Leberabscess   vor- 

handene  Amoeba   <Centralbl.  f.  Bakteriol.    [etc.],  Jena,  v.  7   (23),  31. 

Mai,  pp.  736-737.     [MS.  dated  10.  Apr.]     [Wa,  Wm,  Wc] 
1895. — Abscess  of  the  liver,  perforating  the  lung.     [Remarks  before  Johns 

Hopkins  Hosp.  Med.   Soc,  Oct.  7]    < Johns  Hopkins  Hosp.  Bull.,  Bait. 

(54-55),  v.  6,  Sept.-Oct,  p.  144.     [Wa,  Wm.] 
1898  a. — The  principles  and  practice  of  medicine;  designed  for  the  use  of 

practitioners  and  students  of  medicine     3.  ed.,  xvi  pp.,  1  p.  1.,  1181  pp. 

8°.    New  York.     [Wm,  Wc] 
1902  c. — On  amebic  abscess  of  the  liver.      [Clinical   lecture  delivered  at 

Johns  Hopkins  Hosp.,  Feb.  15]   <Med.  News,  N.  Y.   (1526),  v.  80  (15), 

Apr.  12,  pp.  673-677,  charts  1-3.     [Wa,  Wm,  Wc] 
1902   g. — Amebic  dysentery.      [Remarks  before   Phila.   County  Med.   Soc, 

Mar.  26]  <Therap.  Gaz.,  Detroit,  v.  26,  3.  s.,  v.  18  (4),  Apr.  15,  pp.  217- 

218.     [Wa,  Wm.] 
Paquin,  Paul.     [Dr.,  Asheville,  N.  C] 

1905.— [Discussion    of    Tuttle,    James    P.,    1905,    pp.    348-353]     <Lancet- 

Clinic,  Cincin.,  v.  94,  n.  s.,  v.  55,  Sept.  23,  pp.  354-355.     [Wm.] 
Pasquale,  Allessandro. 

1893  a. — Spedizione  scientifica  Kruse-Pasquale  per  lo  studio  della  dissen- 
teria  e  dell'ascesso  epatico  in  Egitto  <Gior.  med.  d.  r.  esercito  [etc.], 
Roma,  v.  41  (2),  feb.,  pp.  176-189.     [Wm.] 

Patterson,  Henry  S.     [M.  D. ;  Assoc,  Applied  Therap.,  College  Phys.  &  Surg., 

Columbia  Univ.,  New  York.] 
1908. — Parasites  found  in  New  York  City  <Arch.  Int.  Med.,  Chicago,  v.  2 

(2),  Sept.  15,  pp.  185-193.     [Wm.] 
1909. — Endemic  amoebic  dysentery  in  New  York,  with  a  review  of  its  dis- 
tribution in  North  America  <Am.  J.  M.  Sc,  Phila.  &  N.  Y.,  n.  s.  (449), 

v.  138  (2),  Aug.,  pp.  19&-202.     [Wm.] 
1910. — Amebic  dysentery  in  New  York.     [Read  before  N.  York  Acad.  Med., 

Nov.  6,  1909]    <Med.  Rec,  N.  Y.    (2062),  v.  77    (20),  May  14,  pp.  835- 

836.     [Wa,  Wm.] 
Pearce,  Richard  M.     [Prof.,  Univ.  Penn.] 

1912. — Research    in    medicine.      [Hitchcock    lectures,    delivered    at    Univ. 

Calif.,  Jan.  23-26]  <Pop.  Sc  Month.,  N.  Y.,  v.  81  (2),  Aug.,  pp.  115-132. 

[Wa.] 
Peck,  A.  E.     [Surg.,  U.  S.  Navy.] 

1910. — Report  of  a  case  of  amoebiasis  <U.  S.  Naval  Med.  Bull.,  Wash.,  v. 

4  (1),  Jan.,  pp.  51-54.     [W,a,  Wm.] 
Penard,  Eugene.     [Dr.  Sc] 

1904  a. — Quelques  nouveaux  rhizopodes  d'ean  douce  <Arch.  f.  Protistenk., 

Jena,  v.  3  (3),  pp.  391-422,  11  figs.     [Wa,  Wm.] 
1909. — Sur  quelques  rhizopodes  des  mousses  < Ibidem,  v.  17  (2),  pp.  258- 

296,  36  figs.     [Wa,  Wm.] 
Perroncito,  Edoardo.     [Prof.,  r.  Univ.  Torino.] 

1882  a. — I   parassiti   dell'uomo  e  degli   animali    utili.     Delle   piu  comuni 

malattie  da  essi  prodotte.  profilassi  e  cura  relativa.     xii+506  pp.,  233 

figs.,  14  pis.     8°.     Milano.     [Wa,  Wm.] 

1894  b. — [Ameba  intestinale.]  [Secretary's  abstract  of  remarks,  16  mar.] 
<Gior.  r.  Accad.  di  med.  di  Torino,  an.  57  [3.  s.].  v.  42  (3),  mar.,  p.  177. 
[Wm,  Wc] 
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Perroncito,  Edoardo — Continued. 

1894. — Di  un'  ameba  intestinale.  [Remarks  before  Accad.  med.  di  Torino, 
13  mar.]  <Riforina  raed.,  Napoli,  an.  10,  v.  1  (72),  28  mar.,  p.  859. 
[Wm.] 
1912. — [L'enkystement  des  germes  morbides  et  les  maladies  dont  ils  sont  la 
cause  specifique.]  [Remarks  before  19.  Gen.  Ann.  Assembly,  27  few] 
<Bull.  Soc.  zool.  de  France,  Par.,  v.  37  (2),  5  avril,  pp.  26-38.  [Wa.j 
Perroncito,  Edoardo;  &  Bosso,  G. 

1896. — Sullo    sviluppo    e    proliferazione    d.elYAme'ba.      [Read    10   gennaio] 
<Gior.  r.  Acad,  di  med.  di  Torino,  an.  59,  4.  s.,  v.  2  (2),  feb.,  pp.  91-93. 
[Wm.] 
Petersen,   Edward    W.      f Adjunct   Prof.,    Surg.,   N.    York   Post-Graduate   Med. 
School.] 
1905  a. — A  case  of  amebic  dysentery  treated  by  appendicostomy   <Post- 
Graduate,  N.  Y..  v.  20  (7),  July,  pp.  714-717.     [Wm.] 
Petrone,  Luigi  M. 

1884  a. — Nota  sulP  infezione  dissenterica   <Sperimentale,  Pirenze,  an.  38 
[4.  s.],  v.  53  (5),  maggio,  pp.  509-515.     [Wm.J 
Peyrot  [Dr.]  ;  &  Roger  [Prof,  agrege  &  la  Fac.  de  med.  de  Paris]. 

1896  a. — Abces  dysenteriques  du  foie  avec  amibes  <Gaz.  d.  h6p.,  Par.,  v.  69 

(42),  7  &  9  avril,  p.  435.     [Wm.] 
1896  b.— Idem  <Med.  mod.,  Par.,  v.  7   (29),  8  avril,  p.  232.     [Wm.] 
1896. — Abces  dysenterique  du  foie  ne  contenant  que  des  amibes.     [Read 
before  Acad,  de  med.,  7  avril]   <Semaine  med.,  Par.,  v.  16  (18),  8  avril, 
p.  143.     [Wm.] 
1897. — Sur  un  cas  d'abces  dysenterique  du  foie  ne  contenant  que  des  amibes 
<Rev.  de  chir.,  Par.,  v.  17  (2),  10  few,  pp.  89-99,  figs.  A-E.     [Wm.] 
Pfeiffer,  Ludwig  (sr.).     [Dr.,  Weimar.] 

1888  c. — Weitere  TJntersuchungeu  iiber  Parasiten  im  Blut  und  in  der  Lymphe 
bei  den  Packenprocessen  <Cor.-Bl.  d.  allg.  arztl.  Ver.  v.  Thuringen, 
Weimar,  v.  17   (11),  25.  Nov.,  pp.  644-667,  pis.  1-10.     [Wm.] 

1890  c. — Unsere  heutige  Kenntniss  von  den  pathogenen  Protozoen  <Cen- 
tralbl.  f.  Bakteriol.  [etc.].  Jena,  v.  8  (24),  4.  Dec,  pp.  761-768;  (25),  11. 
Dec,  pp.  794-803.     [MS.  dated  8.  Nov.]     [Wa,  Wm,  Wc] 

1891  a. — Die  Protozoen  als  Krankheitserreger,  sowie  der  Zellen  und  Zellen- 
kernparasitismus  derselben  bei  nicht-bakteriellen  Infektionskrankbeiten 
des  Menscben.  2.  sebr  vermehrte  Aufl.  vi+216  pp.,  91  figs.  8°.  Jena, 
[Wa,  Wm.] 

Pfeiffer,  R.     [Prof.  Dr.] 

1892  a. — Beitrage  zur  Protozoen-Forschning.  1.  Heft:  Die  Coccidien- 
Krankheit  der  Kaninchen.     24  pp.,  12  pis.     8°.     Berlin.     [Wm.] 

Phalen,  James  M. ;  &  Nichols.  Henry  J. 

1908. — Tropical  diseases  in  the  Philippines  <Mil.  Surg.,  Carlisle,  Pa.,  v.  23 
(6),  Dec,  pp.  462-468.     [Wm.] 
Phoustanos,  Joannis  A. 

1906. — [Amoebic  dysentery,  or  enteric  amoebism;  on  amoebic  typhlocolitis.] 
[Greek  text]  <fIarpiKT}  npddos,  'Eu  Xvpw,  v.  11,  pp.  65-69,  figs.  1-2;  pp. 
97-104,  figs.  3-6.     [Wm.] 

Piccardi,  Girolamo.     [Dr.,  1st.  Parassit.,  Univ.  di  Torino.] 

1895  a. — Alcuni  protozoi  delle  feci  dell'uomo.  [Read  14  die  1894]  <Gior.  r. 
Accad.  di  med.  di  Torino,  an.  58,  4.  s.,  v.  1  (3-4),  mar.-apr.,  pp.  169-186, 
1  pi.,  figs.  1-9.     [Wm.l 
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Plehn,  Albert.    [Dr.,  Regierungsarzt,  Kamerun.] 

1898  a. — Die  Dysenterie  in  Kamerun  <Arch.  f.  Schiffs-  u.  Tropen-Hyg., 
Leipz.,  v.  2  (3),  Juni,  pp.  125-133.     [Wm.] 

Popoff,  Methodi.    [Dr.,  Dozent  d.  Zool.,  Univ.  Sofia,  Bulgaria.] 

1911. — Ueber  den  Entwieklungscyclus  von  Amoeba  minuta  n.  sp.  Anhang: 
Ueber  die  Teilung  von  Amoeba  sp.     <Arch.  f.  Protistenk.,  Jena,  v.  22 
(2),  pp.  197-223,  figs.  1-7,  pis.  13-14,  figs.  1-31.     [Wa,  Wm.] 
Porter,  Annie.     [B.  Sc.  Lond. ;  Zool.  Kes.  Lab.,  Univ.  College,  London.] 

1909. — Amoeba  chironomi,  nov.  sp.,  parasitic  in  the  alimentary  tract  of  the 
larva  of  a   Chironomus   <Parasitology,  Cambridge   [Eng.],  v.  2    (1-2), 
May-June,  pp.  32-41,  figs.  1-21.     [Published  July  13.]   IWa.] 
Posner,  C. 

1893  a. — [Amoeben.]  [Secretary's  abstract  of  remarks  before  Ver.  f.  inn. 
Med.,  18.  Juli]  <Deutsche  med.  Wchnschr.,  Leipz.  &  Berl.,  v.  19  (7),  16. 
Feb.,  p.  166.     [Wa,  Wm.] 

1893  c. — Ueber  Amoeben  im  Harne.  Vortrag  gehalten  in  der  Hufeland- 
'schen  Gesellschaft  zu  Berlin  <Berl.  klin.  Wchnschr.,  v.  30  (28),  10. 
Juli,  pp.  674-676,  figs.  a-d.     [Wa,  Wm.] 

Potherat. 

1911. — Abc§s  amibienne  du  cerveau,  mStastase  d'abces  de  meme  nature  du 
foie  et  du  poumon ;  mort  [Abstract  of  paper  read  before  Soc.  de  chir., 
ler  fev.,  by  J.  Dumont]  <Presse  med.,  Par.,  v.  19  (10),  4  fev.,  p.  94. 
[Wa,  Wm.] 

Potieenko,  V.  V. 

1899. — Mnozhestvennyi  gnoinik  pecheni  na  pochvie  amebnago  zarazhenila. 
[Multiple  abscess  of  the  liver  resulting  from  amoebic  infection.]  [Rus- 
sian text]  <Med.  Obozr.,  Mosk.,  God  26,  v.  51  (3),  mart,  pp.  530-539. 
[Wm.] 

Powell,  A.     [Capt.  I.  M.  S.  retired,  Bombay.] 

1908. — Tropical  abscess  of  liver.]  [Abstract  of  discussion  before  76.  Ann. 
Meet.  Brit.  Med.  Ass.,  Sheffield,  July]  <  Brit.  M.  J.,  Lond.  (2495),  v.  2, 
Oct.  24,  p.  1254.     [Wa,  Wm.] 

Preble,  Robert  B.     [M.  D. ;  Prof.,  Med.,  Northwest.  Univ.  Med.  School,  Chicago, 
111.] 

1899  a. — Amebic  dysentery  in  Chicago.  [Read  before  Chicago  Med.  Soc, 
Dec.  14,  1898]  <Chicago  M.  Rec,  v.  16  (1),  Jan.,  pp.  33-35;  discussion, 
pp.  81-83.     [Wm.] 

Preston,  George  J. ;  &  Ruhrah,  John.     [M.  D.'s,  Baltimore  City  Hosp.] 

1894  a. — Report  of  a  case  of  amoebic  dysentery,  with  spontaneous  cure 
<N.  York  M.  J.  (832),  v.  60  (19),  pp.  593-594.     [Wm,  Wc] 

von  Prowazek,  St.     [Dr.  phil.,  Wien.] 

1904  1. — Entamoeba  buccalis  n.  sp.  Vorlaufige  Mitteilung  <Arb.  a.  d.  k. 
Gsndhtsamte.,  Berl.,  v.  21  (1),  pp.  42-44.     [Wa,  Wm.] 

1910. — Contribuigao  para  o  conhecimento  da  fauna  de  protozoarios  do  Brazil. 
[Portuguese  and  German  text]  <Mem.  Inst.  Oswaldo  Cruz,  Rio  de 
Janeiro-Manguinhos,  v.  2  (2),  pp.  149-158,  figs.  1-3.  [MS.  dated  Apr.] 
[Wa.] 

1911. — Beitrag  zur  Entamoeba-Fr&ge  <Arch.  f.  Protistenk.,  Jena,  v.  22  (3), 
pp.  345-350,  fig.  a,  pi.  17,  figs.  1-23.     [MS.  dated  Dec.  1910.]     [Wa,  Wm.] 

1912. — Zur  Kenntnis  der  Entamoba.  [Note]  <Arch.  f.  Schiffs-  u.  Tropen- 
Hyg.,  Leipz.,  v.  16  (1),  Jan.,  p.  30.     [Wa,  Wm.] 

1912.— Entamoeba  <Arch.  f.  Protistenk.,  Jena,  v.  25  (2),  pp.  273-274,  figs. 
1-6.     [MS.  dated  Juli  1911.]     [Wa,  Wm.] 
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von  Prowazek,  St. — Continued. 

1912. — Weiterer  Beitrag  zur  Kenntnis  der  Entamoben.    VI  <Arch.  f.  Protls- 
tenk.,  Jena,  v.  26  (2),  22.  Juli,  pp.  241-249,  figs,  a-h,  pi.  18,  figs.  1-28. 
[MS.  dated  Oct.  1911.]     [Wa,  Wm.] 
Pru£s,  Henri. 

1905. — Dysenterie  amibienne  et  dysenterie  bacillaire.    Th&se.    115  pp.  8°. 
Toulouse.     [Wm.] 
Quincke,  H.     [Prof.,  Dr.,  Kiel.] 

1899  a. — Ueber  Protozoen-Enteritis.    [Read  4.  Aug.]  <Berl.  klin.  Wchnschr., 
v.  36  (46),  13.  Nov.,  pp.  1001-1004,  figs.  1-5;  (47),  20.  Nov.,  pp.  1032-1035. 
[Wa,  Wm.] 
Quincke,  H. ;  &  Ross,  Ernst.     [Kiel.] 

1893  a.— Ueber  Amoben-Enteritis  <Berl.  klin.  Wchnschr.,  v.  30    (45),  6. 
Nov.,  pp.  1089-1094,  figs.  1-7.     [Wa,  Wm.] 
Raff,  Janet  W.     [M.  Sc] 

1912. — Protozoa  parasitic  in  the  large  intestine  of  Australian  frogs.    Part  2. 
[Read  Dec.  14,  1911]  <Proc.  Roy.  Soc.  Victoria,  Melbourne,  n.  s.,  v.  24 
(2),  Mar.,  pp.  343-352,  figs.  1-2,  pis.  70-71.     [Wa.] 
Railliet,  Alcide.     [Prof.,  Ecole  v6t,  Alfort,  France.] 

1885  a. — Elements  de  zoologie  m6dicale  et  agricole.     [Fasc.  1],  800  pp.,  586 

figs.    8°.     Paris.     [Published  oct.]     [Wa.] 
1893  a. — TraitS  de  zoologie  mSdicale  et  agricole.    2.  6d.  [fasc.  1],  736  pp., 
494  figs.    8°.    Paris.     [Published  dec]     [Wa.]     [For  1.  ed.,  see  1885  a.] 
Rathburn,  J.  I.    [Russell,  Ky.] 

1910. — Abscess  of  the  liver;  diagnosis  and  treatment     [Read  before  Ken- 
tucky Med.  Ass.,  Lexington,  Sept.]    <Kentucky  M.  J.,  Bowling  Green, 
v.  8  (23),  Dec.  1,  pp.  2071-2073.     [Wm.] 
Raymond,  Henry  I.     [Major,  Surg.,  U.  S.  Army.] 

1908  a. — Ipecacuanha  in  amebic  dysentery  <Mil.  Surg.,  Carlisle,  Pa.,  v.  22 
(1),  Jan.,  pp.  46-54.     [Wm.] 
Remouchamps,  E.     [Dr.,  Asst.,  Hoogeschool,  Gent.] 

1893  a. — Over  een  vorm  van  Amaeoa  malariae  in  Zeeland  <Nederl.  Tijdschr. 
v.  Geneesk.,  Amst,  2.  s.,  29.  J.,  v.  2  (24),  16.  Dec.,  pp.  849-854,  1  chart, 
1  pi.,  figs.  A-F.     [Wm.] 
Render,  Carl  D.     [M.  D.,  Louisville,  Ky.] 

1909. — Clinical  diagnosis  of  amebic  dysentery.  [Remarks  before  Ken- 
tucky State  Med.  Ass.,  Louisville,  Oct.  19-21]  < Proctologist,  St.  Louis, 
v.  3  (4),  Dec,  p.  259.  [Wm.] 
1910. — Clinical  diagnosis  of  amebic  dysentery.  [Read  before  Kentucky 
State  Med.  Ass.,  Louisville,  Oct.  19-21]  <Kentucky  M.  J.,  Bowling  Green, 
v.  8  (1),  Jan.  1,  pp.  1138-1140.  [Wm.] 
Rentsch,  S. 

1860  a. — Homoiogenesis.     Beitrage     zur     Natur-     und    Heilkunde.    Erstes 
Heft:  Gammarus  ornatus  und  seine  Schmarotzer.      1  p.  1.,  iii+134+31 
pp.,  16  pis.    4°.    Wismar.     [Wm.] 
Rhein,  John  H.     [Dr.,  Philadelphia,  Pa.] 

1892  a.— The  Ameba  coli  <Med.  News,  Phila.,  v.  60  (2),  Jan.  9,  pp.  40-11, 
figs.  1-2.     [Wa,  Wm.] 
Rho,  Filippo.     [Dr.,  Torino.] 

[1894  a]. — La  dissenteria  e  le  sue  forme  rispetto  all'amblente  soclale,  ai 
climi  e  alle  stagioni.  Studio  eziologico  clinico  e  terapeutlco  <Collez. 
ital.  dl  lett.  s.  med.,  Milano,  7.  s.  (3),  pp.  77-131+1  p.  (55+1  pp.). 
[Wm.] 
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Rhumbler,  Ludwig.     [Prof.  Dr.;  Privatdoc.  u.  Asst,  Gottingen.] 

1898. — Physikalische  Analyse  von  Lebenserscheinungeu  der  Zelle.  1. 
Bewegung,  Nahrungsaufnahme,  Defiikation,  Vacuoleu-Pulsatlon  und 
Gehiiusebau  bei  lobosen  Rhizopoden  <Arch.  f.  Entwcklngsmechn.  d. 
Organ.,  Leipz.,  v.  7  (1),  6.  Sept.,  pp.  103-350,  flgs.  1-100,  pis.  6-7,  figs. 
A-V.  [Wa.] 
1905  c. — Zur  Theorie  der  Oberfliichenkrafte  der  Amoben  <Ztschr.  f. 
wissensch.  Zool.,  Leipz.,  v.  83,  10.  Nov.,  Festschr.  Ehlers,  v.  2,  pp.  1-52, 
flgs.  1-23.  [Wa.] 
Riesman.     [Dr.] 

1901.— [Discussion  of  Harris,  Henry  F.,  1901,  pp.  191-194]    <Proc.  Path. 
Soc.  Phila.,  o.  s.,  v.  22,  n.  s.,  v.  4  (8),  June  1,  p.  196.     [Wm.] 
Rist,  E. 

1907. — Un    cas    de    dysenterie    amibienne    chronique.     (Presentation    du 
nialade.)     [Read  26  juillet]   <Bull.  et  mem.  Soc.  m£d.  d.  h6p.  de  Par., 
3.  s.,  v.  24  [pt.  2  (27),  1  aug.],  pp.  913-915.     [Wm.] 
Rivolta,  Sebastiano ;  &  Delprato,  Pietro. 

(1881a). — L'ornitoiatria,    o    la    medicina    degli    uccelli    domestic!    e   senii- 
domestici.     Pisa. 
Roberts,  Dudley.     [M.  D.] 

1911. — Observations  on  the  influence  of  ipecac  upon  intestinal  amoebiasis 
<N.  York  M.  J.  [etc.]   (1724),  v.  94  (25),  Dec.  16,  pp.  1231-1233.     [Wa, 
Wm.] 
Roehrig,  Clemens. 

1896  a.— Ein   Fall    von   Amoeben-Enteritis.     Diss.     22   pp.,   1   1.     8°.     Kiel. 
[Wa.] 
Roemer,  Friedrich.     [Dr.  phil.,  Asst,  zool.  Inst.,  Univ.  Jena.] 

1898  a. — Amoeben  bei  Dysenterie  und  Enteritis  <Mtinchen.  med.  Wchnscbr., 
v.  45  (2),  11.  Jan.,  pp.  41^4,  1  pi.,  figs.  1-27.     [Wm.] 
Roger,  G.  H[enri].     [Prof,  extraord.,  Fac.  med.,  Paris.] 

1901a. — Introduction  to  the  study  of  medicine.    Authorized  translation  by 
M.   S.  Gabriel.    With  additions  by  the  author,    vii+545  pp.,  flgs.    8°. 
New  York.     [Wm.] 
Rogers,  Leonard.     [M.  D.,  Act.  Prof.,  Path.,  Med.  College,  Calcutta.] 

1902  m. — Tropical  or  amoebic  abscess  of  the  liver  and  its  relationship  to 
amoebic  dysentery.  [Read  before  Brit.  Med.  Ass.,  July  29-Aug.  1] 
<Brit.  M.  J.,  Lond.  (2177),  v.  2,  Sept.  20,  pp.  844-851.     [Wa,  Wm.] 

1903  c— Idem  <J.  Trop.  M.,  Lond.,  v.  6  (4),  Feb.  16,  pp.  58-62;  (5),  Mar.  2, 
pp.  77-82.     [Wa,  Wm.] 

1903  s. — Further  work  on  amoebic  dysentery  in  India.  The  mode  of  forma- 
tion of  secondary  amoebic  abscess  of  the  liver,  with  a  note  on  the  serum 
test  for  dysenteries  <Brit.  M.  J.,  Lond.  (2214),  v.  1,  June  6,  pp.  1315-1319, 
figs.  1-5,  1  pi.     [Wa,  Wm.] 

1905  z. — Blood  counts  in  acute  hepatitis  and  amoebic  abscess  of  the  liver, 
with  further  experience  of  the  relationship  of  the  Amoeba  dysenterica  to 
tropical  liver  abscess  <Brit.  M.  J.,  Lond.  (2341),  v.  2,  Nov.  11,  pp. 
1291-1294,  1  table.     [Wa,  Wm.] 

1907. — The  early  diagnosis  and  cure  of  the  presuppurative  stage  of  amoebic 
hepatitis.  [Read  before  Roy.  Med.  &  Chir.  Soc]  < Practitioner,  Lond. 
(468),  v.  78  (6);  June,  pp.  776-790,  charts  1-5.     [Wm.] 

(1908  a). — Prevention  of  tropical  abscess  of  the  liver  by  early  diagnosis  and 
treatment  of  presuppurative  stage  of  amebic  hepatitis  <Arch.  Int.  Med.. 
Chicago,  June. 
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Rogers,  Leonard — Continued. 

1908. — The  prevention  of  tropical  abscess  of  the  liver  by  the  early  diagnosis 

and  treatment  of  the  presuppurative  stage  of  amoebic  hepatitis.     [Read 

before  5.  Ann.  Meet.  Philippine  Islands  M.  Ass.,  Feb.  29]  <Philippine  J. 

Sc,  Manila,  v.  3  (4),  Sept.,  pp.  285-290,  3  charts.     [Wa.] 
190S. — Amoebic  abscess  of  the  liver  as  an  easily  preventable  disease,  and 

post-operative  sepsis  as  an  important  lethal  factor.     [Read  before  76. 

Ann.  Meet.  Brit.  Med.  Ass.,  Sheffield,  July]   <Brit.  M.  J.,  Lond.  (2495), 

v.  2,  Oct.  24,  pp.  1246-1249.     [Wa,  Wm.] 
1908. — A  case  of  tropical  abscess  of  the  liver  rapidly  cured  by  means  of  the 

flexible  sheathed  trocar   <lbidem    (2496),  v.  2,  Oct.  31,  pp.  1330-1331, 

1  chart.     [Wa,  Wm.] 
1909. — The  prevention  of  tropical  abscess  of  the  liver  by  the  treatment  of 

the  presuppurative  stage  with  ipecacuanha  <Therap.  Gaz.,  Detroit,  v.  33, 

3.  s.,  v.  25  (6),  June  15,  pp.  381-385.     [Wa,  Wm.] 
1910. — The    prevention    and    treatment   of    amoebic   abscess    of   the   liver 

<Philippine  J.  Sc.  Manila,  v.  5  (2),  July,  pp.  219-228.     [Wa.] 
1912. — The  rapid  cure  of  amoebic  dysentery  and  hepatitis  by  hypodermic  in- 
jections of  soluble  salts  of  emetine  <Brit.  M.  J.,  Lond.  (2686),  v.  1,  June 

22,  pp.  1424-1425.     [Wa,  Wm.] 
1912. — Further  experience  of  the  specific  curative  action  in  amoebic  disease 

of  hypodermic  injections  of  soluble  salts  of  emetine   <Ibidem    (2695), 

v.  2,  Aug.  24,  pp.  405-408.     [Wa,  Wm.] 
1912. — The  rapid  and  radical  cure  of  amebic  dysentery  and  hepatitis  by  the 

hypodermic  injection  of  soluble  salts  of  emetine  <Therap.  Gaz.,  Detroit, 

v.  36,  3.  s.,  v.  28  (12),  Dec.  15.  pp.  837-842.     [Wa,  Wm.] 
Rogers,  Leonard;  &  Wilson,  Roger  P. 

1906  a. — Two  cases  of  amoebic  abscess  of  liver  cured  by  aspiration  and  in- 
jection of  quinine  into  the  cavity  without  drainage  <Brit.  M.  J.,  Lond. 

(2372),  v.  1,  June  16,  pp.  1397-1400,  charts  1-2.     [Wa,  Wm.] 
Romanovitch. 

1912. — Contribution  a  l'etude  de  la  flore  intestinale  de  l'homme.     (Troisieme 

note)  :  Flore  microbienne  dans  un  cas  de  dysenterie  amibienne  <Compt. 

rend.  Soc.  de  biol.,  Par.,  v.  72  (1).  12  Jan.,  pp.  25-26.     [Wa,  Wm,  Wc] 
Romano vski.     [St.  Petersbourg.] 

1908 — Coloration  de  V Amoeba  de  la  dysenterie  <Lavori  e  riv.  di  chim.  e 

micr.  clin.,   Salsomaggiore   (1908-09),  v.  1    (1-3),   sett.-nov.,  pp.  25-27. 

[Wm.] 
Poos,  Ernst.     [Dr.;  Asst..  Med.  Klinik,  Kiel.] 

1893  a. — Ueber  Infusoriendiarrhoe  <Deutsches  Arch.  f.  klin.  Med.,  Leipz., 
v.  51  (4-5),  27.  Juni.  pp.  505-526,  figs.  1-7.     [Wm.] 

1894  c. — Zur  Kenntniss  der  Amoebenenteritis  <Arch.  f.  exper.  Path.  u. 
Pharmakol.,  Leipz..  v.  33  (6L  6.  Juli,  pp.  389-406,  pis.  4-5,  figs.  1-9. 
[Wa,  Wm.] 

[Rose,  Wickliffe.]     [Admin.  Sec'y,  Rockefeller  San.  Com.] 

1910. — Report  of  administrative  secretary  <Publication  (3),  Rockefeller 
San.  Com.  Eradication  Hookworm  Dis.,  Wash.,  38  pp.  15  maps.  [Wa, 
Lib.  Hassall.] 
Rosenberger,  Randle  C.  [M.  D. ;  Asst.  Prof.,  Bacteriol.,  Jefferson  Med.  College; 
Director,  Clin.  Lab.,  Philadelphia  Hosp.] 
1911. — The  presence  of  intestinal  parasites  in  patients  in  the  Philadelphia 
General  Hospital.  [Abstract]  <Proc.  Path.  Soc.  Phila.,  n.  s.,  v.  14  (1), 
Feb.,  pp.  27-31;  discussion,  pp.  31-32.     [Wm.] 
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Rosenberger,  Kandle  C. — Continued. 

1912. — A  case  of  quadruple  Infestation  and  the  occurrence  of  Amcba  in  the 
stools  of  apparently  healthy  individuals  <N.   Y  >rk  If.  J.   [etc.]    (1738), 
v.  95  (12),  Mar.  23,  pp.  590-591,  fig.  1.     [Wa,  Wm.] 
Rosenthal,  L.     [Dr.] 

1903. — Zur  Aetiologie  der  Dysenterie.     Vorliiuflge  Mittheilung  < Deutsche 
med.  Wclinschr.,  Leipz.,  v.  29  (6),  5.  Feb.,  pp.  97-98.     [Wa,  Wm.] 
Ross,  Ronald. 

1897  a. — Notes  on  some  cases  of  malaria.  Amoeba  coli  and   Cercomonas 
<Indian  M.  Gaz.,  Calcutta,  v.  32  (5),  May,  pp.  172-175.     [Wm.] 
Rousseau,  Louis. 

1S33-34  a.— Amine,  Amiba  <Dict.  d'hist,  nat.,  Par.,  v.  1,  p.  137.     [VVc] 
Ruffer,  Marc  Armand   [M.  A.,  M.  D.]  ;  &  Willmore,  J.  Graham   [Desert  Lab., 
El  Tor,  Sinai]. 
1909.— On  the  etiology  of  dysentery  <Brit.  M.  J.,  Lond.   (2543),  v.  2,  Sept. 
25,  pp.  862-866.     [Wa,  Wm.] 
Ruge,  Reinhold.     [Dr.;  Prof.,  Univ.  Kiel.] 

1901. — Ein  Wort  zur  Behandlung  frischer  Falle  tropischer  Dysenterie 
<Deutsche  med.  Wchnschr.,  Leipz..  v.  27  (14),  4.  Apr.,  pp.  218-219. 
[Wa,  Wm.] 

1903  q. — Zur  Aetiologie  und  Verbreitungsweise  der  Dysenterie  In  den 
Tropen.  [Author's  abstract  of  paper  read  before  75.  Versamml.  deutsch. 
Natnrf.  u.  Aerzte]  <Arch.  f.  Schiffs-  u.  Tropen-Hyg.,  Leipz.,  v.  7  (12), 
Dec,  pp.  571-572.     [Wm.] 

1904  f. — Ueber  Dysenterie  in  den  Tropen.  [Discussion,  23.  Sept.  19031 
<Verhandl.  d.  Gesellsch.  deutsch.  Naturf.  u.  Aerzte,  Leipz.  (75.  Ver- 
samml., Cassel,  20.-26.  Sept.  1903).  2.  Theil,  2.  Hiilfte,  pp.  489-490. 
[Wm.] 

1906  b. — Amobenruhr   <Handb.   d.  Tropenkrankh.    (Mense),   Leipz.,    v.   3, 

pp.  1-21,  figs.  1-7,  pis.  1-3.     [Wa,  Wm.] 
Ruge,  Reinhold;  &  Esau  [Dr.]. 

1908  a. — Das  Durchwandern  der  Dysenterie-Amoben  dmvh  die  Darmwand 

<Centralbl.  f.  Bakteriol.   [etc.],  Jena,  1.  Abt..  v.  46   (2),  3.   Feb.,  Orig., 

p.  129,  pis.  1-2,  figs.  1-7.     [Wa,  Wm.] 

Rutherford,  Henry  H.     [First  Lieut.;  Asst.  Surg.,  U.  S.  Army.] 

1903   a. — Intestinal   diseases    <Rep.    Surg. -Gen.    Army,    Wash.,    pp.    73  77. 
[Wa.  Wm.] 
Sakharov,  V.  N.     [Tiflis.] 

1892  a. — Amaeuae  malariae  (hominis) .  Specierum  variaruin  icones  micro- 
photographicae.     1  1.,  10  pis.     8°.     Tiflis.     [Wm.] 

Sambon,  Louis  Westerna.     [M.  D. ;  Lecturer,  London  School  Trop.  Med.] 

1908. — [Tropical  abscess  of  liver.]     [Abstract  of  discussion  before  76.  Ann. 

Meet.  Brit.  Med.  Ass.,  Sheffield.  July]    <Brit.  M.  J.,  Lond.   (2495),  v.  2, 

Oct.  24,  p.  1253.     [Wa,  Wm.] 
Sandwith,  Fleming  M.     [M.  D.,  F.  R.  C.  P.;  Prof.,  Med..  Cairo.l 

1902  a. —  [Discussion  on  dysentery.     10.]      [Before  Sect.  Trop.   Dis.,   Brit. 

Med.  Ass.,  Manchester,  July  29-Aug.  1]   <Brit.  M.  J.,  Lond.   (2177),  v.  2, 

Sept.  20,  p.  852.     [Wa,  Wm.] 
1908. —  [Tropical  abscess  of  liver.]     [Abstract  of  discussion  before  76.  Ann. 

Meet.  Brit.   Med.  Ass.,  Sheffield.   July]    <Ibidem    (2495).   v.   2,   Oct.  24, 

p.  1253.      [Wa,  Wm.] 


254      SECTION   I.    HYGIENIC   MICBOBIOLOGY  AND  PABASITOLOGY. 

Sntterthwaite,  Thomas  E.     [M.  D. ;  Path.,  St.  Luke  &  Presbyterian  Hospitals, 
New  York.] 
1881  b. — Intestinal  parasites  <Cycl.  Pract.  M.   (Ziemssen),  N.  Y.,  Suppl., 
pp.  217-223,  1  fig.     [Wm.j 
Saundby,  Robert  [M.  D.,  LL.  D.,  F.  R.  a  P.;  Senior  Phys.,  Birmingham  Gen. 
Hosp.]  ;  &  Miller,  James  [B.  Sc,  M.  D.,  M.  R.  C.  P.;  Path,  to  Hosp.]. 
1909  a. — A  case  of  amoebic  dysentery  with  abscess  of  the  liver  in  a  patient 
who  had  never  been  out  of  England  <Brit.  M.  J.,  Lond.    (2517),  v.  1, 
Mar.  27,  pp.  771-773,  2  pis.,  figs.  1-9.     [Wa,  Wm.] 
Saunders,  M.  B.     [Dr.] 

1909  a. — Treatment  of  amoebic  infection  <Med.  Rec,  N.  Y.   (1998),  v.  75 
(8),  Feb.  20,  p.  315.     [Wa,  Wm.] 
Say,  William  J.     [Dr.] 

1902.— [Discussion  of  Nietert,  H.  L ,  1902,  pp.  55-61]  <St.  Louis  Med.  Rev. 
(1091),  v.  46  (4),  July  26,  p.  65.      [Wm.] 
Schaeffer,  Charlotte  M.     [M.  D. ;  Path.  Interne,  Sealy  Hosp.,  Galveston,  Texas.] 
1901a. — Ancliylo stoma  duodenal e  In  Texas   <Tr.  Texas  M.  Ass.,  Austin 
(Galveston,    Apr.    23-26).    v.    33.    pp.   399-406;    discussion,    pp.    406-408. 
[Wm.] 
1901b.— Idem  <Med.  News.  N.  Y..  v.  79  (17),  Oct.  26,  pp.  655-658.     [Wa, 
Wm,  Wc] 
Schardinger,  Franz.     [Reginientsarzt,  Sarajevo,  Bosnien.] 

1896  a. — Reinkulturen  von  Protozoen  auf  festen  Nahrboden  <Centralbl.  f. 
Bakteriol.   [etc.],  Jena,  1.  Abt,  v.  19  (14-15),  25.  Apr.,  pp.  538-545,  figs. 
1-8.     [MS.  dated  Marz.]     [Wa,  Wm.] 
1897a. — Protozoenkulturen.     Nachtrag   <Ibidem,   v.  22    (1),  20.  Juli,   pp. 

3-5,  pis.  1-2,  figs.  1-4.     [MS.  dated  Apr.]     [Wa,  Wm.] 
1899  a. — Entwicklungskreis  einer  Amoeba  lobosa  (Gymnamoeba)  :  Amoeba 
gruberi   <Sitzungsb  d.  k.  Akad.    d.     Wissensch.,    Wien,    math.-naturw. 
CI,  v.  108,  1.  Abt.  (9),  pp.  713-734,  pis.  1-2,  figs.  1-8.     [Wa.] 
Sohaudinn,    Fritz.      [Prof.,   Zool.    Inst    Berlin.] 

1896  b. — Ueber  den  Zeugungskreis  von  Paramoeba  eilhardi  n.  g.  n.  sp. 
<Sitzungsb.  d.  k.  preuss.  Akad.  d.  Wissensch.  zu  Berl.,  1.  Halbbd.  (2-3), 
23.  Jan.,  pp.  31-41.  figs.  1-12.  [Wa,  Wc] 
1903  a. — Untersuchungen  fiber  die  Fortpflanzung  einiger  Rhizopoden. 
(Vorlaufige  Mittheilung)  <Arb.  a.  d.  k.  Gsndhtsamte.,  Berl.,  v.  19  (3), 
pp.  547-576.  [MS.  dated  20.  Dec  1902  ]  [Wa,  Wm.] 
Schepotieff,   Alexander.      [Dr.] 

1910. — Amobenstndien   <Zool.   Jahrb .   Jena,  Abt.  f.  Anat.,  v.  29    (4),  pp. 
485-526,   pi.  39,  figs.  1-65.      [Wa,   Wm.] 
Sr*hneidemuehl,  Georg.     [Prof.  Dr.,  Univ.   Kiel.] 

1896  a. — Lehrbuch  der  vergleichenden  Pathologie  und  Therapie  des  Men- 
schen  und  der  Hausthiere  fur  Thierarzte.  Arzte  und  Studirende.    2.  Lief., 
pp.  209-448.     8°.     Leipzig.      [Wa] 
Schneider,  Aim£-C.-J. 

1875  f.— Contributions  a  l'histoire  des?  gregarines  des  invert£br£s  de  Paris 
et  de  Roscoff  <Arch.  de  zool.  expSr.  et  gen.,  Par.,  v.  4  (3),  pp.  493-604, 
pis.  16-23.      [Wm,   Wc] 

1876  n. — Contribution  A.  l'etude  des  gregarines.  Diss.  116  pp.,  pis.  16-23. 
8°.     Paris.     [  Same  as  1 875  f . ]      [Wa 

Schneider,   J.   E.  J.      [Dr.,   M6d.-major.] 

1908  a. — A  propos  de  la  dysenteric  amlbienne.  [Read  12  fev.]  <Bull.  Soc 
de  path,  exot.,  Par.,  v.  1   (2),  pp   77-78.     [Wm.] 
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Schneider,  Karl  Caraillo.     [a.  o.  Prof.,  Univ.  Wien.] 

1905  a. — Plasmastruktur  und  -bewegung  bei  Protozoen  und  Pflanzenzellen 
<Arb.   a.   d.   zool.   Inst.   d.   Univ.   Wien    [etc.],    v.   16    (1),   pp.    99-216 
(118  pp.),  pis.  1-4.     [Ws.] 
Schouteden,  H.     [Dr.,  Bruxelles.] 

1905  a. — Notes  sur  quelques   amibes  et  choanoflagellates    <Arcb.   f.   Pro- 
tistenk.,  Jena,  v.  5  (3),  pp.  322-338,  figs.  1-12.     [Wa,  Wm.] 
Schuberg,  August.     [Dr.;  Prof.,  Zool.  k.  Gsndhtsamte.,  Berlin.] 

1893  n. — Die  parasitischen  Amoeben  des  menschlichen  Darmes.  Kritische 
Uebersicht  ueber  die  Entwickelung  und  den  gegenwaertigen  Stand 
unserer  Kenntnisse  <Centralbl.  f.  Bakteriol.  [etc.],  Jena,  v.  13  (18-19), 
4.  Mai,  pp.  598-609;  (20),  17.  Mai,  pp.  654-665;  (21-22),  29.  Mai,  pp. 
701-714.  [Wa,  Wm,  Wc] 
Schubert,  Max. 

1897  a. — Ueber  die  Ziichtung  der  Amoben  auf  festen   N&hrboden    <Hyg. 
Rundschau,  Berl.,  v.  7  (2),  15.  Jan.,  pp.  72-76.     [Wa,  Wm.] 
Schubotz,   Hermann. 

1905  a. — Beitriige  zur  Kenntnis  der  Amoeba  blattae  (Btitschli)  und  Amoeba 

proteus  (Pall.).    Diss.    46  pp.,  1  1.,  2  pis.    8°.    Jena.     [Wc] 
1905  b.— Idem  [?]   <Arch.  f.  Protistenk.,  Jena,  v.  6  (1),  pp.  1-46,  pis.  1-2. 
[Wa,  Wm.] 
Scott,  J.  Alison.     [M.  D.] 

1901. — Amebic  abscess  of  liver  <Proc.  Path.  Soc.  Phila.,  o.  s.,  v.  23,  n.  s., 
v.  5  (1),  Nov.,  pp.  11-15.     [MS.  dated  Oct.  24.]     [Wm.] 
Scott,  William.      [M.  D.,  Loveland,  Ohio.] 

1912. — Amebic  dysentery.     [Read  before  Warren  Co.  Med.   Soc,  Lebanon, 
O.,  June]  <Lancet-Clinic,  Cincin.,  v.  108  (2),  July  13,  pp.  39-41.     [WTm.] 
Seaman,  William.     [M.  D. ;  Surg.,  U.  S.  Navy.] 

1911. — The  surgical  treatment  of  amebiasis.     [Read  at  8.  Ann.  Meet    Am. 
Soc.  Trop.  Med.,  N.  Orl.,  May  18-19]    <N.  Orl.   M.  &  S.  J.,  v.  64    (2), 
Aug.,  pp.  105-110.     [Wm.] 
Seifert,  Otto.     [Prof.  Dr.,  Wtirzburg.] 

1908   a.— Klinisch-therapeutischer   Teil.      pp.    [477]-623.      8°.      Wiirzburg. 
[Anhang  to  Braun,  Max.,  1908,  475  pp.]     [Wa.] 
Selenev,  I.  F. 

1909. — Dermatitis  desquamativo-pustulosa  amoebina.     [Abstract  from  Rus- 
sische  Ztschr.  f.   Haut-  u.   Geschlechtskrankh..   Juni,  1908,   by  A.  Dwo- 
retzky]   <Hyg.  Rundschau,  Berl.,  v.  19  (9),  1.  Mai,  p.  549.     [Wa,  Wm.} 
Sellards,  Andrew  Watson. 

1911. — Immunity  reactions  with  amoebae   <Phllippine  J.   Sc,  Manila,  B  : 
Med.  Sc,  v.  6  (4),  Oct.,  pp.  281-298.     [Wa.] 
Shaw,  Frank  Whitfield.     [Dr.] 

1901. — Parasites,   animal   and   vegetable    <Diagn.    Intern.    Med.    (Butler), 

N.  Y.,  pp.  600-603,  figs.  217-218;  pp.  619-621,  figs.  220-221.     [Wm.] 
1905. — Parasites,  animal  and  vegetable  <Ibidem,  N.  Y.  &  Lond.,  2.  ed..  pp. 

641-644,  fig.  256;  pp.  662-664,  figs.  261-262.     [Wm.] 
1909. — Parasites,  animal  and  vegetable  <Ibidem,  3.  ed.,  pp.  654-657.  figs. 
256-257;  pp.  679-S81,  figs.  261-262.     [Wm.] 
Shiga,  K.     [Dr.;  Asst,  Inst.  Infektionskr.,  Japan.] 

1898. — Ueber  den  Dysenteriebacillus  (Bacillus  dysenteriae)  <Centralbl.  1 
Bakteriol.  [etc.],  Jena,  1.  AM.,  v.  24  (22),  15.  Dec,  pp.  817-828,  figs.  1-4; 
(23),  19.  Dec,  pp.  870-874;  (24).  23.  Dec,  pp.  913-918.  [MS.  dated  Dec 
1897.]     [Wa,  Wm.] 
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Shiga,  K. — Continued. 

1901. — Studien  iiber  die  epidemische  Dysenterie  in  Japan,  unter  besonderer 
Beriicksichtigung  des  Bacillus  dysenteriae  <Deutsche  rned.  Wchnschr., 
Leipz.,  v.  27  (43),  24.  Oct.,  pp.  741-744;  (44),  31.  Oct.,  pp.  765-769,  charts 
1-7;  (45),  7.  Nov.,  pp.  783-786,  1  fig.     [MS.  dated  Marz.]     [Wa,  Wm.] 
1902  a. — Bemerkungen  zu   Jager's  "  Die   Ostpreussen  einheiinische  Ruhr, 
eine  Amoben-Dysenterie  "  <Centralbl.  f.  Bakteriol.  [etc.],  Jena,  1.  Abt, 
v.  32   (5),  5.   Sept.,  Orig.,  pp.  352-353.     [Wa,  Wm.]      [See  Jaeger,  H.. 
1902  g.] 
Shipley,  Arthur  Everett.     [M.  A.;  Hon.  D.   Be. ;  Princeton,  F.  R.   S. ;   Fellow 
Tutor,  Christ's  College,  Cambridge,  England.] 
[1908  d.] — Interim  report  on  the  parasites  of  grouse.     12  pp.     fol.     [Lon- 
don.]    [MS.  dated  July.]     [Wa.] 
Short,  Alfred  Terry.     [M.  D. ;  Police  Surg.,  Manila,  P.  I.] 

1905. — Note  on  tropical  dysentery  <J.  Ass.  Mil.  Surg.  U.  S.,  Carlisle,  Pa., 
v.  17  [(3),  Sept.],  pp.  211-212.     [Wm.] 
von  Siebold,  Carl  Theodor  Ernst.     [Prof.,  Freiburg  i.  Breisgau.] 

[1850  c]. — Parasiten    <Handworterb.   d.   Physiol..    Brnschwg.,    v.    2,    pp. 
641-692.     [Wm.] 
Siler.  Joseph  F. ;  &  Nichols,  Henry  J.     [Captains,  Med.  Corps,  U.  S.  Army.] 

1909. — Observations  on  pellagra  at  the  Peoria  State  Hospital,  Peoria,  111. 
<Bull.  Illinois  State  Bd.  Health,  Springfield,  v.  5  (7),  Oct.,  pp.  437-478. 
figs.;   (8),  Nov.,  pp.  48a- [572],  figs.     [Wa] 
1910. — Observations  on  pellagra  at  the  Peoria  State  Hospital,  Peoria,  III. 
<Med.  Rec,  N.  Y.  (2045),  v.  77  (3),  Jan.  15,  pp.  87-98.     [Wa,  Wm.] 
de  Silvestri,  Enrico.     [Dr.] 

1895. — Contributo  alio  studio  dell'  etiologia  della  dissenteria.  [Read  21 
die.  1894]  <Gior.  r.  Accad.  di  med.  di  Torino,  an.  58,  4.  s.,  v.  1  (1), 
genua io,  pp.  32-36.  [Wm.] 
Simon,  Charles  Edmond.  [M.  D. ;  Late  Asst.  Resident  Physician,  Johns  Hop- 
kins Hosp.,  Baltimore  ,Md.] 
1890  a. — Abscess  of  the  liver,  perforation  into  the  lung;  Amoeba  coli  in 
sputum.  [Abstract  of  paper  read  before  Johns  Hopkins  Hosp.  Med.  Soc, 
Oct.  6]  < Johns  Hopkins  Hosp.  Bull.,  Bait.,  v.  1  (8),  Nov..  p.  97.  [Wm, 
Wa] 

1896  a. — A  manual  of  clinical  diagnosis  by  means  of  microscopic  and  chemical 
methods,  for  students,  hospital  physicians,  and  practitioners.  xix+[17]- 
504  pp.,  132  figs.,  10  pis.     8°.     Philadelphia  &  New  York.     [Wm.] 

1897  a. — Idem.  2.  ed.,  revised  and  enlarged,  xx-f  [17]-563  pp.,  133  figs., 
14  pis.     8°.     Philadelphia  &  New  York.     [Wm.] 

[1900  a]. — Idem.  3.  ed.,  thoroughly  revised,  xxiv+17-558  pp.,  136  figs., 
18  pis.     8°.     Philadelphia  &  New  York.     [Wm.] 

[1904  a]. — Idem.  5.  ed.,  thoroughly  revised  and  enlarged.  xxiv-f-17-695 
pp.,  150  figs.,  22  pis.     8°.     Philadelphia  &  New  York.     [Wa,  Wm.] 

1907.— Idem.  6.  ed.,  thoroughly  revised.  xix+[17]-682  pp.,  177  figs.,  24 
pis.     8°.     Philadelphia  &  New  York.     [Wa.] 

[1911]. — A  manual  of  clinical  diagnosis  by  means  of  laboratory  methods  for 
students,    hospital    physicians,   and   practitioners.     7.   ed.,   enlarged   and 
thoroughly   revised,     xviii  +  17-778  pp.,  168  figs.,  25  pis.     8°.     Philadel- 
phia &  New  York.     [Wa.] 
Simon,  Sidney  K.     [A.  B.,  M.  D. ;  New  Orleans,  La.] 

1909. — Amebic  dysentery.  [Read  before  6.  Ann.  Sess.  Am.  Med.  Ass.,  At- 
lantic City,  June]  <J.  Am.  M.  Ass.,  Chicago,  v.  53  (19),  Nov.  6.  pp.  1526- 
1529;  discussion,  pp.  1529-1532.     [Wa,  Wm.] 
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Simon,  Sidney  K. — Continued. 

1910.— Treatment  of  dysentery  <N.  Orl.  M.  &  S.  J.,  v.  63   (3),  Sept.,  pp. 

193-199;  discussion,  pp.  199-201.     [Wm.] 
1912.— A  further  word  on  the  ipecac  treatment  of  amebic  dysentery  <N. 
Orl.  M.  &  S.  J.,  v.  G5  (5),  Nov.,  pp.  373-377  ;  discussion,  pp.  377-379.     [Wm.] 
Sistrunk,  W.  E.     [M.  D. ;  Asst.  Path.,  Gen.  Lab.,  St.  Mary's  Hosp.,  Rochester, 
Minn.] 
1911. — Intestinal  parasites  found  in  individuals  residing  in  the  northwest. 
Frequent   presence   of   Protozoa    in   patients   who   have   never   been    in 
southern  countries  <J.  Am.  M.  Ass.,  Chicago,  v.  57  (19),  Nov.  4,  pp.  1507- 
1509.     [Wa,  Wm,  Wc] 
Skshivan,  F.  F. ;  &  Stefauski,  V.  K. 

1908. — K  voposu    ob    etiologii    dizenterii    v    Rossii.    6    sluchaev    amebnoi 
dizenterii    v.    Odessie    < Kharkov.    M.   J.,   v.   5    (4),   Apr.,    pp.   371-385. 
[Wm.] 
Slaughter,  R.  M.     [M.  D.,  Theological  Seminary,  Va.] 

1895  a. — Abscess  of  the  liver  in  children,  with  report  of  a  case  of  amoebic 
abscess    < Virginia   M.    Month.,   Richmond    (259),   v.   22    (7),   Oct.,    pp. 
722-731.     [Wa,  Wm.] 
Sluiter,  C.  Ph.  [Dr.,  Hoogleeraar,  Univ.  v.  Amsterdam]  ;  &  Swell engrebel,  N.  H. 
[Dr.,  Privat-Doc,  Univ.  v.  Amsterdam]. 
1912. — De  dierlijke  parasieten   van  den  mensch   en  van  onze  huisdieren. 
Tweede  veel  vermeerdede  en  verbeterde  druk.     xvi+520  pp.,  262  figs.,  1  pi. 
8°.    Amsterdam.     [Wm.] 
Smith,  Allen  J.     [M.  D. ;  Prof.,  Path.,  Univ.  Penn.,  Philadelphia,  Pa.] 

1901. — A  previously  described  spore-forming  bacillus  associated  with  the 
Ameba  coli  in  hepatic  abscess  <Tr.  Texas  M.  Ass.,  Austin  (33.  Ann.  Sess., 
Galveston,  Apr.  23-26),  pp.  409-412.     [Wm.] 
1911. —  [Discussion   of   Rosenberger,    Randle   C,   1911,   pp.   27-31]    <Proc. 
Path.  Soc.  Phila.,  n.  s.,  v.  14  (1),  Feb.,  pp.  31-32.     [Wm.] 
Smith,  Allen  J. ;  &  Magnenat,  L.  E.  [Demonstrator,  Norm.  Histol.,  Med.  Dept^ 
Univ.  Texas,  Galveston,  Texas]. 
1898. — Amoeba  coli  and  actute  cystitis  <Internat.  M.  Mag.,  Phila.,  v.  7  (4), 
Apr.,  pp.  253-255.     [Wm.] 
Smith,  Allen  J. ;  &  Weidman,  F.  D. 

1910. — Infection  of  a  stillborn  infant  by  an  amebiform  protozoon  {Enta- 
moeba mortinatalium,  n.  s.)  <Univ.  Penn.  M.  Bull.,  Phila.,  v.  23  (5-6), 
July-Aug.,  pp.  285-298,  figs.  1-19.  [Wa,  Wm.] 
1910. — Supplementary  note  to  article  upon  Entameba  met  in  a  stillborn 
infant,  in  last  month's  issue  of  the  University  of  Pennsylvania  Medical 
Bulletin  <Univ.  Penn.  M.  Bull.,  Phila.,  v.  23  (7),  Sept.,  pp.  359-360. 
[MS.  dated  Aug.  19.]  [Wa,  Wm.] 
Smith,  Rea.     [M.  D.,  Los  Angeles,  Calif.] 

1912. — A   report  of   twenty-eight   cases   of   tropical   abscess   of  the  liver. 
[Read  before  42.  Ann.  Meet.,  State  Soc,  Del  Monte,  Apr.]   <Calif.  State 
J.  M.,  San  Fran.,  v.  10  (7),  July,  pp.  300-302;  discussion,  pp.  302-303. 
[Wa.] 
Smith,  R.  J.     [M.  D.,  Smithfield,  Utah.] 

1906. — Treatment   of   amebic   dysentery    <Northwest   Med.,    Seattle,   v.   4 
(12),  Dec,  pp.  420-422.     [Wm.] 
Smith,  Theobald.     [M.  D. ;  Prof.,  Harvard  Univ.,  Cambridge,  Mass.] 

1895  a. — An  infectious  disease  among  turkeys  caused  by  Protozoa    (infec- 
tious entero-hepatitis)    <Bull.   8,   Bureau   Animal    Indust.,   U.    S.   Dept. 
Agric,  Wash.,  pp.  1-38,  pis.  1-5.     [Wa,  WTc] 
66692— vol  2,  pt  1—13 17 
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Smith,  Theobald — Continued. 

1910. — Amoeba  meleagridis.     [Letter  to  editor,  dated  Sept.  20]   < Science, 

N.  Y.,  n.  s.  (824),  v.  32,  Oct.  14,  pp.  509-512.     [Wa,  Wm,  Wc] 
1910. — Intestinal  amebiasis  in  the  domestic  pig  <J.  Med.  Research,  Bost. 
(123),   v.   23,  n.   s.,   v.   18    (3),   Nov.,   pp.   423-432,   pis.   16-17,   figs.   1-5. 
[Wa,  Wm.] 
Sominer,   Ferdinandus  Bernardus  Guilelmus.     [Prof.,   Director  d.   anat.   Inst, 
Greifswald.] 
1880  b. — Amoeba  coli  (Losch)   <Real-Encycl.  d.  ges.  Heilk.,  Wien  &  Leipz., 

v.  1   (4-5),  pp.  246-247,  fig.  30.     [Wm.] 
1893  a.— Amoeba  coli  (Losch)  <Ibidem,  3.  Anfl.  (7-8),  v.  1,  pp.  497-499,  fig. 
53.     [Wm.] 
Sonsino,  Prospero.     [Prof.,  Pisa.] 

1896  a. — Contributo  alia  entozoologia  d'Egitto  <M£m.  de  l'lnst.  egypt,  Le 
Caire,  v.  3  (3),  pp.  285-336.     [Wa.] 

Spalikowski,  Ed. 

1897  a. — Les  entozoaires  de  l'homme  en  Normandie  <Compt.  rend.  Acad.  d. 
sc,  Par.,  v.  125  (24),  13  dec,  pp.  1056-1057.     [Wa,  Wm,  Wc] 

Spelman,  J.  P. ;  &  Wherry,  William  B. 

1906  a. — A  case  of  amebic  dysentery,  originating  in  Montana.     A  case  of 
latent  malaria.     [Read  before  Montana  State  Med.  Ass.,  May]   <North- 
west  Med.,  Seattle,  v.  4  (8),  Aug.,  pp.  277-279.     [Wm.] 
Steele,  J.  D.     [Dr.] 

1896. — Amoebic  abscess  of  liver.     [Specimens  exhibited  &  remarks,  Nov.  8, 
1894]   <Tr.  Path.  Soc  Phila.   (1893-95),  v.  17,  pp.  38-39.     [Wm.] 
Steffenhagen,  Karl. 

1903  a. — Ueber  einen  Fall  von  Amobendysenterie  mit  sekundarem  Leber- 
abscess.     Diss.     34  pp.,  1  1.     8°.     Munchen.     [Wm.] 
Steinberg. 

(1862  a). — Ueber  die  auf  und  zwischen    den    menschlichen    Zahen    sich 
ansammelnde  weisse  Substanz  <Ztschr.  f.  neuere  Med.,  Kiew. 
Stengel,  Alfred.     [M.  D. ;  Instructor,  Clin.  Med.,  Univ.  Penn.,  Philadelphia,  Pa.] 

1890  a.— Acute  dysentery  and  the  Amoeba  coli  <Med.  News,  Phila.  (931), 
v.  57  (20),  Nov.  15,  pp.  500-503,  figs.  1-3.     [Wa,  Wm.] 

1891.— Amoeba  coli.  [Remarks,  May  23]  <Tr.  Path.  Soc.  Phila.  (1889-91), 
v.  15,  pp.  99-101 ;  discussion,  pp.  101-102.     [Wm.] 

1891b. — The  Amoeba  coli  <Univ.  M.  Mag.,  Phila.,  v.  4  (3),  Dec,  pp.  218- 
224,  figs.  1-3.     [Wm.] 

1892  a.— Idem  [continued]  <Ibidem,  v.  4  (4),  Jan.,  pp.  286-293.     [Wm.] 

1898.— Amebic  abscess  of  the  liver.     [Read  Jan.  28,  1897]  <Tr.  Path.  Soc 
Phila.  (1895-97),  v.  18,  pp.  103-110.     [Wm.] 
Stephens,  J.  W.  W.     [M.  D.] 

1909.— Cultures  of  Amoeba.    [Read  Sept.  8,  1908]  <Rep.  Brit.  Ass.  Adv.  Sc, 
Loud.   (78.  Meet,  Dublin,  Sept.  1908),  Tr.  of  Sect,  p.  741.     [Wa.] 
Stiles,  Charles  Wardell.     [A.  B.,  Ph.  D.,  D.  Sc. ;  Prof.,  Zool.,  Hyg.  Lab.,  U.  S. 
Pub.  Health  &  Mar.-Hosp.  Serv.,  Washington,  D.  C] 

1902  hh. — The  significance  of  the  recent  American  cases  of  hookworm  dis- 
ease (uncinariasis  or  auchylostomiasis)  in  man  <18.  Ann.  Rep.  Bureau 
Animal  Indust,  U.  S.  Dept  Agric,  Wash.  (1901),  Dec.  18,  pp.  183-219, 
i\zs.  113-196     [Wa,  Wm,  Wc] 

l!X)5e—  Report  of  the  committee  on  the  relation  of  Protozoa  to  disease:  In 
particular  "Amoeba  coli"  <Pai>ers  &  Rep.  Am.  Pub.  Health  Ass.,  Colum- 
bus, O.,  v.  30,  pp.  292-303.     [Wm.] 
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Stiles,  Charles  Wardell — Continued. 

1007  e. — The  zoo-parasitic  diseases  of  man.  (Exclusive  of  protozoan  infec- 
tions) Olodern  Med.  (Osier),  Phila.  &  N.  Y.,  v.  1,  pp.  525-037,  tiga 
35-G8,  pi.  9.     [Wa,  Win.] 

1911. — The  presence  of  Entamoeba  histolytica  and  E.  coli  in  North  Carolina. 
<Puh.  Health  Rep.,  U.  S.  Pub.  Health  &  Mar.-Hosp.  Serv.,  Wash.,  v.  28 
(34),  Aug.  25,  p.  1276.     [Wa,  Win.] 

1911 — The  presence  of  Lamblia  duodcnalis  in  man  in  North  Carolina  and 
the  recognition  of  Amcbac  in  feces  several  days  old  <Pub.  Health  Rep., 
U.  S.  Pub.  Health  &  Mar.-Hosp.  Serv.,  Wash.,  v.  26  (36),  Sept.  8,  pp. 
1347-134S.  [Wa,  Wm.] 
Stiles,  Charles  Wardell;  &  Hassall,  Albert  [Asst.  Zool.,  Bureau  Animal  Indust., 
U.  S.  Dept.  Agric,  Washington,  D.  C] 

1910b. — Compendium  of  animal  parasites  reported  for  rats  and  mice  (genua 
Mus)  <[Pub.  Health  Bull.],  U.  S.  Pub.  Health  &  Mar.-Hosp.  Serv.,  Wash., 
pp.  111-122.     [Wa.] 
Stitt,  E  R.     [A  B.,  Ph.  G.,  M.  D. ;  Surg.,  U.  S.  Army.] 

1909. — Practical  bacteriology,  blood  work  and  animal  parasitology,  including 
bacteriological  keys,  zoological  tables  and  explanatory  clinical  notes. 
xi+294  pp.,  8  blank  leaves,  82  figs.,  4  pis.,  56  figs.  12°.  Philadelphia. 
[Wa,  Wm.] 

1910. — Idem.  2.  ed.,  revised  and  enlarged,  xiii-f-345  pp.,  8  blank  leaves, 
87  figs.,  4  pis.,  56  figs.     12°.     Philadelphia.     [Wa.] 

1911. — Case  of  amoebic  dysentery  with  liver  abscess  <U.   S.  Naval  Med. 
Bull.,  Wash.,  v.  5  (2),  Apr.,  p.  180.     [Wa.] 
Stockton,  Charles  C.     [M.  D. ;  Prof.,  "Med.,  Univ.  Buffalo;  Attend.  Physician, 
Buffalo  Gen.  Hosp.] 

1S94. — Amoebic  dysentery.     Clinical  lecture  delivered  at  the  Buffalo  Gen- 
eral Hospital  <Internat.  Clin.,  Phila.,  4.  s.,  v.  1,  pp.  69-73.     [Wm.] 
Storck,  J.  A.     [M.  Ph.,  M.  D.,  New  Orleans,  La.] 

1911. — The  copper  salts  and  ipecacuanha  in  the  treatment  of  amebic  colitis. 
A  comparative  study.     [Read  before  Louisiana   State  Med.   Soc,  1910] 
<N.  Ory.  M.  &  S.  J.,  v.  63  (11),  May,  pp.  775-781.     [Wm.] 
Streett,  David.     [M.  D. ;  Prof.,  Prin.  &  Pract.  Med.  &  Clin.  Med.,  Baltimore  MeoL 
Coll.] 

1893. — Amoeba  coli;  or  the  report  of  a  case  of  amoebic  dysentery.     [Read 
before  Baltimore  Med.  Ass.,  Nov.  12]   <Maryland  M.  J.,  Bait.   (661),  v. 
30   (5),  Nov.  25,  pp.  92-99.     [Wm.] 
Strong,  Lawrence  Watson.     [M.  D.,  Second  Asst.  Path.,  Boston  City  Hosp.] 

1898  a. — Two  cases  of  amoebic  enteritis  <Med.  &  Surg.  Rep.  Bost.  City 
Hosp.,  9.  s.,  pp.  249-259.     [Wm.] 
Strong,  Richard  P.     [Dr.;  Chief,  Biol.  Lab.,  Bureau  Science,  Manila,  P.  I.] 

1901  c. — The  etiology  of  the  dysenteries  of  the  Philippine  Islands  <Circ. 
Trop.  Dis.,  Manila   (2),  Apr.,  pp.  1-54.     [Wm.] 

1901  e. — Board  for  the  investigation  of  tropical  diseases  in  the  Philippines- 
Circular  No.  1.  Animal  parasites  <Rep.  Surg.-Gen.  Army,  Wash.,  pp. 
203-219.     [Wm.] 

1901. — Idem  <Ann.  Rep.  War  Dept,  Wash.,  v.  1,  pt  2,  Bureau  Rep.,  pp. 
741-757.     [Wa,  Wm.] 

1905  b. — Intestinal  hemorrhage  as  a  fatal  complication  in  amoebic  dysen- 
tery and  its  association  with  liver  abscess.  1  <  [Publication]  (32), 
Bureau  Govt.  Lab.,  Manila,  June,  pp.  1-15.     [Wa,  Wm.] 

1907  a. — Amoebic  dysentery  Olodern  Med.  (Osier),  Phila.  &  N.  Y.,  v.  L 
pp.  488-524,  pis.  5-8.     [Wa,  Wm.] 
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Strong,  Richard  P. ;  &  Musgrave,  William  E. 

1900  a. — Preliminary   note   regarding  the  etiology   of  the  dysenteries  of 
Manila  <Rep.  Surg.-Gen.  Army,  Wash.,  pp.  251-273.     [Wa,  Win.] 
Sullivan,  William  Noibert.     [M.  D.,  San  Francisco,  Calif.] 

1900  a. — Colostomy  for  the  cure  of  amebic  dysentery  <  J.  Am.  M.  Ass., 
Chicago,  v.  35  (23),  Dec.  8,  pp.  1475-1476.     [Wm,  Wc] 
Swellengrebel,  N.  H.     [Dr.;  Privatdoz.,  Univ.  Amsterdam.] 

1910. — Notiz    uber    eine    neue    freilebende    Amobe   Amoeba    salteti   n.    sp. 
<Arch.  f:  Protistenk.,  Jena,  v.  19   (2),  pp.  167-177,  pis.  5-6,  figs.  1-50. 
[MS.  dated  2.  Marz.]     [Wa,  Wm.] 
Takamiya,  T.     [Staff  Surgeon.] 

1912. — Two  cases  of  amoebic  dysentery  <Bull.  Naval  M.  Ass.  Japan,  Tokyo 
(1),  May,  pp.  [1-6]  ;  abstract,  p.  5.     [Naval  Med.  School  Lib.] 
Talamon,  Ch. 

1891  b.— Amibes  de  la  dysenterie  <Med.  mod.,  Par.,  v.  2   (30),  23  juillet, 
pp.  550-552.     [Wm.] 
Tanaka,  Y.     [Dr.] 

1903. — Pathologische   Studien   uber  die  Amoebendysenterie.      (1.   Mittheil- 

ung.)      Histologische   Untersuchungen  uber   die   Beziehung  der  Amoeba 

colt  zur  dysenterischen  Darmveranderung.      [Japanese   text]    <Chu-gai 

Iji-Shimpo,  Tokio,  v.  23  (11),  5.  Juni,  pp.  1-29.     [Wm.] 

(1903   a). — [Vacuoles   of  Ameba   in   dysenteric  stools.]      [Japanese   text] 

<Iji  Shinbun,  Tokio  (649),  Nov.,  p.  1619.     [Wm.] 
1905  a. — Ueber  die  Vakuolen  der  Amoben  im  dysenterischen  Sluhl.     [Ab- 
stract of  1903  a,  by  K.  Miura]   <Oentralbl.  f.  Bakteriol.   [etc.],  Jena,  1. 
Abt,  v.  37  (1-3),  2S.  Aug.,  Ref.,  p.  68.     [Wa,  Wm.] 
1910. — Bemerkungen  iiber  die  Pathogenitat  der  Amoeba  dysenteriae  <Miin- 
chen.  med  Wchnschr.,  v.  57  (44),  1.  Nov.,  pp.  2300-2301.     [Wa,  Wm.] 
Tayler- Jones,  Louise.     [M.  D.,  Washington,  D.  C] 

1904. — Dysentery.     A  report  of  several  cases  in  which  Bacillus  dysenteriae 
(Shiga)  was  found  in  Washington,  D.  C.     [Read  before  Med.  Soc.  Dist. 
Columbia,  May  11]  <J.  Am.  M.  Ass.,  Chicago,  v.  43  (1),  July  2,  pp.  12-14. 
[Wa,  Wm.] 
Taylor,  W.  H.     [M.  D.,  Central  Mills,  Alabama.] 

1903  a. — Amebic  dysentery.     Report  of  a  case  <Alabama  M.  J.,  Birmingh., 
v.  16  (1),  Dec,  pp.  10-13.     [Wm.] 
Thayer,  Alfred  Edward.     [M.  D. ;  Prof.,  Path.,  Univ.  Texas.] 

1907  a.— Study  of  a  case  of  yellow  fever  <Med.  Roc,  N.  Y.  (1888),  v.  71 
(2),  Jan.  12,  pp.  45-49,  figs.  1-2.     [Wa,  Wm,  Wc] 
Thayer,  William  Sydney  [M.  D. ;  Prof.,  Med.,  Johns  Hopkins  Hosp.,  Baltimore, 
Md.] ;  &  Flexner,  Simon. 
1893  a. — Demonstration  of  specimen  of  amoebic  abscess  of  liver.     [Rend 
before  Johns  Hopkins  Hosp.  Med.  Soc,  Mar.  20]  <Johns  Hopkins  Hosp. 
Bull.,  Bait,  v.  4  (31),  May,  pp.  56-58.     [Wa,  Wm,  Wc] 
Thomas,  Jerome  B.     [M.  D.,  Baguio,  Benguet,  P.  I.] 

1905  a. — The  action  of  various  chemical  substances  upon  cultures  of 
amoebae  < [Publication]  (32),  Bureau  Govt.  Lab.,  Manila,  June,  pp.  17- 
29.     [Wa,  Wm.] 

1906  a. — Report  on  the  action  of  various  substances  on  pure  cultures  of  the 
Ameba  dysenteriae  <Am.  J.  M.  Be,  Phila.  &  N.  Y.,  n.  s.  (406),  v.  131  (1), 
pp.  108-118.     [Wm.] 

Thornburgh,  Robert  M.     [Capt.,  Asst.  Surg.,  U.  S.  Army.] 

l*M)Sa. — The  treatment  of  amebic  dysentery  <Mil.  Surg.,  Carlisle,  Pa.,  v.  22 
(1),  Jan.,  pp.  55-59.     [Wm.] 
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Tietze,  Alexander.     [Prof.  Dr.,  Breslau.] 

1905  a. — Ein  Prolozoenbefund   in   einer  erkrankten   Parotis   <Mitt.   a.   d. 
Grenzgeb.  d.  Med.  u.  Chir.,  Jena,  v.  14  (3),  pp.  303-310,  pi.  7.     [Win.  J 
Trible,  G.  B.     [Passed  Asst.  Surg.,  U.  S.  Navy.] 

1911. — Lamblia  intcstinalis  and  Axcaris  lumbricoidcs  associated  with  amoe- 
bic dysentery  <U.  S.  Naval  Med.  Bull.,  Wash.,  v.  5   (2),  Apr.,  pp.  178- 
180.     [Wa,  WTm.] 
1911. — Balantidium  coli  infection  associated  with  amoebic  dysentery  < Ibi- 
dem (3),  July,  pp.  346-548.     [Wa,  Wm.] 
Tsujitani,  J. 

1898  a. — Ueber  die  Reinkultur  der  Amoben  <Centralbl.  f.  Bakteriol.  [etc.], 
Jena,  1.  Abt,  v.  24  (18-19),  18.  Nov.,  pp.  666-670.     [Wa,  Wm.] 
Turck,  Fenton  B.     [Dr.,  Chicago,  111.] 

1909. —  [Discussion  of  Bates,  John  Pelham,  1909,  pp.  56-59]  <J.  Tennessee 
State  M.  Ass.,  Nashville,  v.  2  (2),  June,  p.  60.     [Wm.] 
Tuttle,  James  P.     [M.  D. ;  Prof.,  Rectal  Surgery,  New  York  Policlinic] 

1903  a. — Local  lesions  and  treatment  of  amebic  dysentery.  [Secretary's 
abstract  of  paper  read  before  29.  Meet.  Miss.  Valley  Med.  Ass.,  Memphis, 
Tenn.,  Oct.  7-9]  <Med.  News,  N.  Y.  (1606),  v.  83  (17),  Oct.  24,  p.  812. 
[Wa,  Wm,  Wc] 

1904  a. — Amebic  dysentery.  Its  local  lesions  and  treatment.  [Read  before 
55,  Ann.  Sess.  Am.  Med.  Ass.,  June  7-10]  <J.  Am.  M.  Ass.,  Chicago, 
v.  43  (15) ,  Oct.  8,  pp.  1022-1026 ;  discussion,  pp.  1026-1027.     [Wa,  Wm,  Wc] 

1904  b.— Idem  <Alabama  M.  J.,  Birmingh.,  v.  16   (11),  Oct.,  pp.  561-571; 

discussion,  pp.  571-573.     [Wm.] 
1905. — Local   lesions   and  treatment  of   amebic   dysentery.      [Read   before 

Mississippi  Valley  Med.  Ass.,  Memphis,  Tenn.,  Oct.  7-9,  1903]   <Lancet- 

Clinic,  Cincin.,  v.  94,  n.  s.,  v.  55,  Sept.  23,  pp.  348-353;  discussion,  pp. 

353-356.     [Wm.] 
1909.— [Discussion  of  Simon,  Sidney  K.,  1909,  pp.  1526-1529]   <J.  Am.  M. 

Ass.,  Chicago,  v.  53  (19),  Nov.  6,  p.  1531.     [Wa,  Wm,  Wc] 
Ucke,  A.     [Prosector,  deutsch.  Alexanderhospital  f.  Manner,  St.  Petersburg.] 
1902   a. — Zur   Verbreitung   der  Amobenenteritis   <Centralbl.   f.   Bakteriol. 

[etc.],  Jena,  1.  Abt.,  v.  31  (7),  12.  Marz,  Orig.,  pp.  317-318.     [MS.  dated 

Dec.  1901.]     [Wa,  Wm,  Wc] 
Ullman. 

1903.— [Discussion  of  Huber,  J.  Ch.,  1903  b]   < Deutsche  med.  Wchnschr., 

Leipz.,  v.  29  (34),  20.  Aug.,  Ver.-Beilage,  p.  267.     [Wa,  Wm.] 
Upiavici,  O.     [Dr.] 

(1887  a). — Piedbezne  sdeleni  <Casop.  lek.  cesk.,  v  Praze. 

1887   b.— Idem    [reviewed   by   Kartulis]    <Centralbl.   f.   Bakteriol.    [etc], 

Jena,  v.  1  (18),  pp.  537-539.     [Wa,  Wm,  Wc] 

1887  c. — The  amoebae  of  dysenteric  stools.  [Editorial  abstract]  <Lancet, 
Lond.  (3334),  v.  2,  July  23,  p.  184.     [Wm,  Wc] 

1888  a. — Le  amebe  nelle  dejezioni  dissenteriche,  negli  ascessi  epatico  con- 
secutivi  alia  dissenteria.  [Abstract  of  1887  a]  <Boll.  sclent.,  Pavla, 
v.  10  (1),  mar.,  pp.  30-31.     [Wm,  Wc] 

1888  b. — Le  amebe  nelle  dejezioni   dissenteriche.      [Abstract   of  1887   a] 
<Gazz.  med.  ital.  lomb.,  Milano,  v.  48,  9.  s.,  v.  1  (22),  2  giugno,  p.  218. 
[Wm.] 
Vahlkampf,  Erich.     [Hamburg.] 

(1904  a). — Beitrage  zur  Biologie  und  Entwicklungsgeschichte  von  Amoeba 
Umax  einschliesslich  der  Zuchtung  auf  kiinstlichen  Nahrboden.  Diss. 
53  pp.,  1  pi.     8°.     Marburg. 
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Vahlkampf,  Erich — Continued. 

1905  a.— Idem  <Arch.  f.  Protistenk.,  Jena,  v.  5  (2),  pp.  167-220,  pi.  6, 
figs.  1-27.     [Wa,  Wm.] 

Vaillard,  L. ;  &  Dopter,  Ch. 

1903  a. — Contribution  a  l'etiologie  de  la  dysenteric  La  dysenterie  epi- 
demique  <Ann.  de  l'lnst.  Pasteur,  Par.,  v.  17  (7),  25  juillet,  pp.  463-491, 
pis.  10-13.     [Wa,  Wm.] 

Vedder,  Edward  B.     [A.  M.,  M.  D. ;  Capt,  Med.  Corps,  U.  S.  Army.] 

1906  a. — An  examination  of  the  stools  of  100  healthy  individuals,  with 
especial  reference  to  the  presence  of  Entamoebae  coli  <J.  Am.  M.  Ass., 
Chicago,  v.  46  (12),  Mar.  24,  pp.  870-872.     [Wa,  Wm,  Wc] 

1907  a. — Is  the  distinction  between  Entamoeba  coli  and  Entamoeba  dysen- 
teriae  valid?  <J.  Trop.  M.  &  Hyg.,  Lond.,  v.  10  (11),  June  1,  pp.  190-195. 
[Wa,  Wm.] 

1911. — A  preliminary  account  of  some  experiments  undertaken  to  test  the 

efficacy  of  the  ipecac  treatment  of  dysentery.     [Read  before  Manila  Med. 

Soc,  Feb.  6]  <Bull.  Manila  M.  Soc,  v.  3  (3),  Mar.,  pp.  48-53;  discussion, 

pp.  5S-59.     [Naval  Med.  School.  -Lib.] 
1912. — [Treatment  of  amebic  dysentery.]      [Abstract  of  1911,  pp.  48-53] 

<West  Virginia  M.  J.,  Wheeling,  v.  6  (10),  Apr.,  p.  344.     [Wm.] 
1912. — An  experimental  study  of  the  action  of  ipecacuanha  on  amoebae. 

[Secretary's  abstract  of  paper  read  before  2.  bien.  Cong.  Far  East.  Ass. 

Trop.  M.,  Hong  Kong]     <J.  Trop.  M.  &  Hyg.,  Lond.,  v.  15  (20),  Oct.  15, 

pp.  313-314.     [Wa,  Wm.] 
Verdun,  P.     [Prof.,  zool.  med.  et  pharm.  &  la  Faculte  de  med.  de  Lille.] 

1904  a. — Procede  de  coloration  de  l'amibe  de  la  dysenterie  et  des  abc£s 
tropicaux  du  foie.  [Read  6  fev.]  <Compt.  rend.  Soc.  de  biol.,  Par.,  v.  56 
(5),  12  fev.,  pp.  181-182.     [Wa,  Wm,  Wc] 

1904  d. — Sur  quelques  caracteres  specifiques  de  l'amibe  de  la  dysenterie  et 
des  abces  tropicaux  du  foie  {Amoeba  coli  Loescb).  [Read  6  fev.] 
< Ibidem,  pp.  183-185.     [Wa,  Wm,  Wc] 

1904  f. — Quelques  apergus  sur  l'etiologie  de  la  dysenterie  <Echo  med.  du 
nord,  Lille  (396),  v.  8  (33),  14  aoilt,  pp.  385-396;  (397)  (34),  21  aout, 
pp.  397-401;  (398)  (35),  28  aout,  pp.  409-417;  (399)  (36),  4  sept,  pp. 
421-124.     [Wm.] 

1905  a.— Precis  de  zoologie.  ii  pp.,  1  p.  1.,  559  pp.,  424  figs.  12°.  Paris. 
[Wm.] 

1907  a. — Precis  de  parasitologie  humaine.     Parasites  animanx  et  vegetaux 

(les  bacteries  exceptees) .    iii+727  pp.,  310  figs.,  4  pis.    12°.    Paris.     [Wa.] 
Verdun,  P. ;  &  Bruyant,  L. 

1907  c — Sur  la  presence  d'amibes  dans  le  pus  d'abces  de  la  region  malairc 

[Read  20  juillet]  <Compt.  rend.  Soc.  de  biol.,  Par.,  v.  63  (26),  26  juillet. 

pp.  161-163.     [Wa,  Wm,  Wc] 
Viereck,  H.     [Dr.,  Oberarzt,  Inst.  Schiffs-  u.  Tropenkrankh.,  Hamburg.  1 

1906  c— Ueber  Amobendysenterio  <Med.  Klin.,  Berk,  v.  2  (41),  14.  Oct., 

pp.  1063-1066.     [Wm.] 
1907  c — Studien  fiber  die  in  den  Tropen  erworbeno  Dysenterie  (Dysenterie 

tropicale)    <P»eihefte  z.  Arch.   L   Schiffs-  u.   Tropen-Hyg.,  Leipz.,  v.  11 

(1),  Juli,  41  pp.,  3  pis.     [Wm.] 
Vincent,  II.     [  Med.-major,  lre  classc] 

1903  a.-llii  cas  de  dysenterie  amibienne  <Presse  med  ,  Par.  (102),  23  dec, 

pp.  879-881,  figs.  1-3.     [Wm.] 
1907.—  [Discussion   of  Caussade  &  .Toltrain,  1907.  pp.   167-174]     [15  fev.] 

<Bull.  et  nx'in.  Soc.  nifd.  d.  hop.  de  Par.,  3.  s.,  v.  24,  pp.  174-176.     [Wm.] 
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Vincent,  H. — Continued. 

1908.— [Discussion   of   Menetrier,   P.;   &   Touraine,   A.,   1908,   pp.   905-913] 

< Ibidem,  v.  25,  p.  1)14.       [Wm.] 
1909  a. — Note  sur  la  latence  prolonged  de  l'aniibe  dysent£riquo  dans  l'intes- 
tin  Domain,     Les  "  porteurs  d'amibes  "  <Bull.  Soc.  de  path,  exot,  Par., 
v.  2  (2),  10  fev.,  pp.  78-80.     [Wm.] 
1909  c. — Emploi  de  l'hypochlorite  de  soude  pour  le  traitement  de  la  dysen- 
terie  amibienne  cbroni(pie  <Bull.  Soc.  de  path,  exot.,  Par.,  v.  2   (2),  10 
fev.,  pp.  80-83.     [Wm.] 
Vivaldi,  Michelangelo.     [Dr.] 

1894  a. — Le  amebe  nella  dissenteria  <Riforma  med.,  Napoli,  an.  10   (238). 
v.  4  (13),  15  ott,  pp.  147-149.     [Wm.] 
Vollbracht.     [Dr.] 

1904  a. — Amoebenenteritis.  [Read  before  Gesellsch.  f.  innere  Med.  u. 
Kinderb.,  Wien,  9.  Juni]  <Wien.  med.  Wchnschr.,  v.  54  (26),  25.  Juni,  pp. 
1229-1232.  [Wm.] 
1904  b. —  [Fall  von  Amoebenenteritis.]  [Demonstration  &  remarks,  9.  Juni  | 
<Mitt.  d.  Gesellsch.  f.  inn.  Med.  u.  Kinderh.  in  Wien,  v.  3  (10),  pp. 
160-164.  [Wm.] 
Vorwerk.     [Dr.] 

1912. — Zur     Pathologie     und     Hygiene     von     Garua     (Deutsch-Adamaua) 
<Arch.  f.  Schiffs-  u.  Tropen-Hyg.,  Leipz.,  v.  16   (5),  Marz,  pp.  133-149, 
[Wa,  Wm.] 
Waldow  &  Guehne.     [Drs.] 

1912. — Erfahrungen     mit    Uzara     bei    Dysenterie.     Vorlaufige    Mitteilung 
<Arch.  f.  Schiffs-  u.  Tropen-Hyg.,  Leipz.,  v.  16  (6),  Marz,  p.  190.     [Wa, 
Wm.] 
Walker,   Ernest   Linwood.      [Sc.   D.] 

1908  a. — The  parasitic  amebae  of  the  intestinal  tract  of  man  and  other 
animals  <J.  Med.  Research,  Bost.  (103),  v.  17,  n.  s.,  v.  12  (4),  Feb.,  pp. 
379-459,  pis.  21  A,  22-24,  figs.  1-16.     [Wa,  Wm.] 

1911. — A  comparative  study  of  the  amoebae  in  the  Manila  water  supply, 
in  the  intestinal  tract  of  healthy  persons,  and  in  amoebic  dysentery 
<Philippines  J.  Sc,  Manila,  B:  Med.  Sc,  v.  6  (4),  Oct.,  pp.  259-279,  pis, 
1-5,  figs.  1-16.     [Wa.] 

Wallace,  J.  B.     [M.  D.,  Tampa,  Fla.] 

1912. — Amoebic  dysentery.  [Read  before  Florida  Med.  Ass.,  Tampa,  May 
8-10]     <South.  M.  J.,  Nashville,  v.  5  (10),  Nov.,  pp.  688-692.     [Wm.] 

Ward,  Samuel  B.     [M.  D.]  . 

1903. — A  case  of  dysentery  due   to  double  infection  with  the   Uncinaria 
duodenalis  and  the  Amoeba  coli  < Albany  M.  Ann.,  v.  24   (1),  Jan.,  pp. 
23-26;  note  by  Blumer,  George,  p.  26.     [MS.  dated  June  2,  1902.]     [Wm.] 
Wasdin,  Eugene.     [M.  D.,  Charleston,  S.  C] 

1891  a. — Case  of  ameba  dysentery;  with  autopsy  <Med.  News,  Phila.  (986), 
v.  59  (23),  Dec.  5,  pp.  656-657.     [Wa,  Wm.] 
von  Wasielewski,  Theodor  Karl  Wilhelm  Nicholas.     [Prof.,  Heidelberg.] 

1911. — Ueber  Amobennachweis.  [Read  before  Naturwissensch.-arztl.  Ver. 
zu  Heidelberg,  21.  Nov.  1910]  <Miinchen.  med.  Wchnschr.,  v.  58  (3). 
17.  Jan.,  pp.  121-123,  1  fig.     [Wa,  Wm.] 

von  Wasielewski,  Theodor  Karl  Wilhelm  Nicholas;  &  Hirschfeld  [Dr.]. 

1909  a. — Zur  Technik  der  Amobennntersuchimg  <Hyg.  Rundschau,  Berl., 
v.  19  (16),  15.  Aug.,  pp.  925-930.     [Wa.] 
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Watanabe,  Yastaro.     [Agric.  College,  Tohoku  Imp.  Univ.] 

1910. — On   the   so-called   black-head   of   turkey.     [Originally   presented   as 
Diss.]     [English  &  Japanese  text]  <Tr.  Sapporo  Nat.  Hist.  Soc,  Sapporo, 
Japan  (1909-10),  v.  3,  pp.  67-81.     [Wa.] 
Waugh,  William  Francis.     [A.  M.,  M.  D. ;  Prof.,  Therap.,  Bennett  Med.  College, 
Chicago,  111.] 
1908  a. — Dysentery :  Recent  observations  on  the  treatment  <  Virginia  M. 
Semi-Month.,   Richmond    (296),   v.  13    (8),   July  24,  pp.   181-183.      [Wa, 
Wm.] 
1910. — Amoebic  dysentery  < Toledo  M.  &  S.  Reporter,  v.  36  (8),  Aug.,  pp. 
359-361.     [Wm.] 
Weichselbaum,  Anton.     [Prof.,  path.  Anat.,  Wien.] 

1898  a.— Parasitologic  <Handb.  d.  Hyg.,  Jena,  v.  9   (2),  pp.  x+[63]-336, 
figs.  1-78.  .  [Wa,  Wm.] 
Weidner,  Carl.     [Dr.,  Louisville,  Ky.] 

1903.— [Discussion  of  Young,  G.  B.,  1903,  pp.  241-248]  <Am.  Pract.  &  News, 

Louisville,  v.  35  (7-8),  Apr.  1  &  15,  pp.  291-292.     [WTm.] 
1910.— [Discussion  of  Hanes,  Granville  S.,  1910,  pp.  1140-1146]  < Kentucky 
M.  J.,  Bowling  Green,  v.  8  (1),  Jan.  1,  p.  1148.     [Wm.] 
Weinberg. 

1909.— [Discussion  of  Chantemesse  &  Rodriguez,  1909,  pp.  29-32]  <Bull. 
Soc.  de  path.-exot,  Par.,  v.  2  (1),  13  Jan.,  pp.  32-33.     [Wm.] 

Wellman,  Frederick  Creighton.     [B.  A.,  M.  D.,  Tulane  Univ.,  New  Orleans,  La.] 
1905  p. — Fatal  case  of  blackwater  fever  supervening  on  amebic  dysentery 

and  showing  malarial  parasites  in  the  blood  <J.  Am.  M.  Ass.,  Chicago, 

v.  45  (23),  Dec.  2,  p.  1736.     [Wa,  Wm,  Wc] 
1907. — On  an  epidemic  of  enteric  fever  in  the  Angola  highlands  and  on  liver 

abscess  in  Angola  <J.  Trop.  M.  &  Hyg.,  Lond.,  v.  10   (20),  Oct.  15,  pp. 

330-331.     [Wa,  Wm.] 

Wells,  R.  T.     [M.  A.,  M.  B.,  Capt.  I.  M.  S.] 

1911. — Aerial  contamination  as  a  fallacy  in  the  study  of  amoebic  infections 
by  cultural  methods.  A  preliminary  note  <Parasitology,  Cambridge 
[Eng.],  v.  4  (3),  Oct.  24,  pp.  204-219,  pi.  6,  figs.  1-28.     [WTa.] 

WTenyon,  C.  M.     [M.  B.,  B.  S.,  B.  Sc. ;  Protozool.,  Lond.  School  Trop.  Med.] 

1907  i. — Observations  on  the  Protozoa  in  the  intestine  of  mice  <Arch.  f. 
Protistenk.,  Jena,  Suppl.  1,  Festbd.  z.  25jahr.  Prof.-Jubil.  Richard 
Hertwig,  pp.  169-201,  1  fig.,  pis.  10-12.     [Wm.] 

1908  b. — Report    of   travelling   pathologist   and   protozoologist    <3.    Rep. 
m     Wellcome  Research  Lab.,  Khartoum,  pp.  121-168,  figs.  28-41,  pi.  3,  fig. 

[2]  ;  pis.  9-16.     [Wa.] 
1908  k—  Intestinal  amoebiasis  <Brit.  M.  J.,  Lond.  (2495),  v.  2,  Oct.  24,  pp. 

1244-1246.     [Wa,  Wm.] 
1912. — Experimental  amoebic  dysentery  and  liver-abscess  in  cats    <J.  Lon- 
don School  Trop.  M.,  v.  2  (1),  Dec,  pp.  27-34.     [Wa.] 
Werner,    Heinrich.     [Stabsarzt,    Schutztruppe   f.    Deutsch-Siidwestafrika.] 

1908  e. — Studien  fiber  pathogene  Amoben  <Beihefte  z.  Arch.  f.  Schiffs-  u, 

Tropen-Hyg.,  Leipz.   (11),  Dec.  17,  pp.  5-18  [pp.  423^36],  pis.  1-6,  figs. 

1-38.     [Wm.] 
1909.— Studien  fiber  pathogene  Amoben.     [Abstract  of  remarks,  22.   Sept. 

1908]    <Verhandl.  d.  Gesellsch.  deutsch.  Naturf.  u.  Aerzte,  Leipz.    (80. 

Versaminl.,  Coin,  20.-26.  Sept.  1908),  2.  Teil,  2.  Hillfte,  med.  Abt,  p.  588. 

[Wm.] 
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Werner,  Heinrich — Continued. 

1909  b. — Studies   regarding   pathogenic   amoebae.      [Transl.    of   1908   e,   by 

W.  .1).  Sutherland]   < Indian  M.  Gaz.,  Calcutta,  v.  44  (7),  July,  pp.  241- 

245,  2  pis.  [6  pis.],  figs.  1-38.     [Wm.] 
1911. — Entamoeba  coli  <Handb.  d.  path.  Protozoen  (v.  Prowazek),  Leipz., 

1.  Lief.,  pp.  67-77,  figs.  1-14,  pi.  2,  figs.  1-47.     [Wa.] 
1912. — Ueber  Uzara  bei  Amobendysenterie  <Arch.  f.  Schiffs-  u.  Tropen-Hyg., 

Leipz.,  v.  16  (6),  Miirz,  pp.  190-192.     [Wa,  Wm.] 
Wesener,  J.  A.     [Dr.,  Prof.,  Freiburg  i.  B.] 

1892  a. —  L'nsere  gegenwiirtigen  Kenntnisse  iiber  Dysenterie  in  anatomischer 

und   atiologischer   Hinsicht    <Centralbl.    f.   allg.   Path.    u.   path.    Anat., 

Jena,  v.  3   (12),  1.  Juli,  pp.  484-496;   (13),  26.  Juli,  pp.  529-545.     [Wa, 

Wm.] 
1892. — Le  nostre  odierne  conoscenze  sulla  dissenteria.     Dal  punto  di  vista 

etiologico  ed  anatomico  <Riv.  internaz.  d'ig.,  Napoli,  v.  3  (9),  sett.,  pp. 

496-506;   (10),  ott,  pp.  544-555.     [Wm.] 
West,  H.  A.     [M.  D. ;  Prof.,  Theory  &  Pract.  Med.,  Med.  Dept,  Univ.  Texas; 

Sec'y,  State  Med.  Ass.  Texas.] 
1895. — Clinical  notes  on  amoebic  dysentery   <Tr.  1.   Pan.  Am.   M.  Cong., 

Wash.  (1893),  pt.  1,  pp.  301-306.     [Wa,  Wm.] 
WTesterveld,  H.  W. 

1908. — Een  geval  van  chronische  amoebendysenterie  genezen  door  operatie 

<Nederl.  Tijdschr.   v.   Geneesk.,  Amst,  52.   Jaarg..  2.   R.,   44.  Jaarg.,  2. 

Helft  (15),  10  Oct.,  pp.  1224-1226.     [Wa.] 
Weston,  H.  R.     [First  Lieut.,  Med.  Reserve  Corps,  U.  S.  Army.] 

1912. — Balantidium  coli  as  cause  of  dysentery  in  Philippine  Islands  <Mil. 

Surg.,  Wash.,  v.  30  (6),  June,  pp.  694-698.     [Wm.] 
White,  J.  A.     [M.  D.,  U.  S.  Pub.  Health  &  Mar.-Hosp.  Serv.,  New  Orleans,  La.] 
1911. — The  public  health  problems  concerned  in  amebiasis.      [Read  at  8. 

Ann.  Meet.  Am.  Soc.  Trop.  Med.,  New  Orleans,  May  18-19]  <N.  Orl.  M.  & 

S.  J.,  v.  64  (2),  Aug.,  pp.  111-116.     [Wm.] 
Whitmore,  Eugene  R.     [M.  D.,  Manila,  P.  I.] 

1911. — Parasitare  und  freilebende  Amoben  aus  Manila  und  Saigon  und  ihre 

Beziehungen  zur  Dysenterie   <Arch.   f.   Protistenk.,  Jena,  v.   23    (1-2), 

pp.  71-80,  figs.  1-3.     [Wa,  WTm.] 
1911. — Studien   iiber   Kulturamoben   aus  Manila    < Ibidem,   pp.  81-95,   pis. 

3-4,  figs.  1-45.     [Wa,  Wm.] 
1911. — Vorliiufige  Bemerkungen  iiber  Amoben  aus  Manila  und  Saigon  <Cen- 

tralbl.   f.   Bakteriol.    [etc.],  Jena,  1.  Abt,   v.   58    (3),  1.  Apr.,   Orig.,  pp. 

234-235.     [Wa,  Wm.] 
1912. — Parasitic  amebas  in  the  intestine  of  man,  with  a  study  of  the  Pro- 
tozoa  found   in   the   intestines   of  healthy   men   in   the   southern   United 

States.     Preliminary  note  <Arch.  Int.  Med.,  Chicago,  v.  9   (4),  Apr.  15, 

pp.  515-519.      [Wm.] 
Whittington,  J.   B.      [Dr.,   Resident  Physician,   Sheltering  Arms  Hosp.,  Hans- 
ford, W.  Va.] 
1912. — Amoebiasis — report  of  case  <WTest  Virginia  M.  J.,  Wheeling,  v.  6 

(10),  Apr.,  pp.  343-344.     [Wm.] 
Widal. 

1907.— [Discussion   of  Caussade   &   Joltrain,   1907,   pp.   167-174]    [15   fev.] 

<Bull.  et  mem.  Soc.  med.  d.  hop.  de  Par.,  3.  s.,  v.  24,  pp.  177-178.     [Wm.] 
Wijnhoff,  J.  A. 

1895.— Over  Amoeburie   <Nederl.  Tijdschr.   v.  Geneesk..  Amst.,  2.  R.,  31. 

Jaarg.,  Deel  1   (3),  19  Jan.,  pp.  107-117,  5  figs.     [Wm.] 
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Williams,  Anna  Wessels.     [M.  D.] 

1911. — Pure  cultures  of  parasitic  amebas  on  brain-streaked  agar.     [Abstract 
of  paper  read  before  42.  Meet.  Cornell  Univ.  Med.  Coll.,  N.  Y.,  Feb.  15] 
<Proc.  Soc.  Exper.  Biol.  &  Med.,  N.  Y.,  v.  8  (3),  pp.  56-58.     [Wa.] 
1911. — Pure  cultures  of  amoebae  found  in  intestines  of  mammals  < Collect. 
Studies  Research  Lab.  Dept.  Health  N.  Y.,  v.  6,  pp.  298-308.     [Wa,  Lib. 
Iiassall.] 
1911. — Pure  cultures  of  amebae  parasitic  in  mammals  <J.  Med.  Research, 
Bost.  (128),  v.  25,  n.  s.,  v.  20  (2),  Dec,  pp.  263-283.     [Wa,  Win.] 
Williams,  Anna  Wessels;  &  Gurley,  Caroline  R. 

[1910]. — Studies  on  intestinal  amebas  and  allied  forms  <Collect.  Studies 
Research  Lab.  Dept.  Health  N.   Y.    (1908-09),  v.  4,  pp.  237-246.     [Wa, 
Wm.] 
Willis,  D.  O.     [Dr.,  Leesville.] 

1912.— [Discussion  of  Simon,  Sidney  K.,  1912,  pp.  373-377]   <N.  Orl.  M.  & 
S.  J.,  v.  65  (5),  Nov.,  pp.  378-379.     [Wm.] 
Wilson,  Cunningham. 

1895  a. — Cases  of  amoebic  dysentery   <Jolms  Hopkins  Hosp.  Bull.,  Bait. 
(54-55),  v.  6,  Sept.-Oct,  pp.  142-143%    [Wa,  Wm.] 
Wilson,  Cunningham ;  &  Pressly,  H.  E.     [M.  D.'s,  Birmingham,  Ala.] 

1907. — Turnip   top   treatment   of   chronic   diarrhea   and   amebic  dysentery 
<J.  Am.  M.  Ass.,  Chicago,  v.  48  (10),  Mar.  9,  pp.  875-876.     [Wa,  Wm.] 
Witherspoon,  E.  O.     [M.  D. ;   Prof.,  Dis.  Rectum,  Hosp.  College  Med.,  Louis- 
ville, Ky.] 
1906  a. — Amoebic  infection  of  -the  rectum   <Med.   Brief,   St.  Louis,  v.  34 
(9),  Sept.,  pp.  615-616.     [Wm.] 
Witherspoon,  J.  A.     [Dr.,  Nashville,  Tenn.] 

1905.— [Discussion  of  Tuitle.  James  P.,  1905,  pp.  348-353]   < Lancet-Clinic, 

Cincin.,  v.  94,  n.  s.,  v.  55,  Sept.  23,  p.  354.     [Wm.] 
1909. — [Discussion  of  Bates,  John  Pelham,  1909,  pp.  56-59]   <J.  Tennessee 
State  M.  Ass.,  Nashville,  v.  2  (2),  June,  pp.  62-63.     [Wm.] 
Withington,  C.  F.     [M.  D.,  Roxbury,  Mass.] 

1894.— A    case    of    amoebic    dysentery.     [Read    before    Boston    Soc.    Med. 
Improve.,  Mar.  12]    <Boston  M.  &  S.  J.,  v.  130   (21),  May  24,  pp.  516- 
517.     [WTm.] 
Wood,  Horatio  Curtis  (jr.)  ;  &  Fitz,  Reginald  H. 

1897  a. — The  practice  of  medicine,     x+1088  pp.     8°.     Philadelphia.   [Wm, 
Wa] 
Wood,  J.  William.     [Dr.] 

1910. — [Four   cases   of  amebic   dysentery   presented   before  Delaware   Co. 
Med.  Soc,  Chester,  Pa.,  Feb.  24]  <Penn.  M.  J.,  Athens,  v.  13  (7),  Apr., 
pp.  573-574.     [Wm.] 
Woodhull,  Alfred  A.     [Brig.  Gen.,  U.  S.  Army,  retired.] 

1908  a. — Ipecacuanha  in  dysentery  <Mil.  Surg.,  Carlisle,  Pa.,  v.  22   (2), 
Feb.,  pp.  114-115.     [Wm.] 
Woodward,  Joseph  Janvier.     [Surg.,  U.  S.  Army.] 

1879. — The  medical  and  surgical  history  of  the  war  of  the  rebellion.  Part 
2,  v.  2:  Medical  history.  Being  the  second  medical  volume.  Second 
issue,  xii+869  pp.,  42  figs.,  figs.  A-B,  41  pis.  fol.  Washington.  [Wm.] 
Woolloy,  Paul  Gerhnrrtt.  [B.  S.,  M.  D. ;  Prof.,  Path.;  Dean,  Med.  Fac,  Coll. 
Med.,  Univ.  Cincinnati;  Director,  Lab.  Cincinnati  Hosp.,  Cincinnati,  Ohio.] 
1905  ]>.  Pathology  of  amebiasis.  An  acknowledgment.  [Letter  to  editor, 
dated  Oct.]  <J.  Am.  M.  Ass.,  Chicago,  v.  45  (22),  Nov.  25,  p.  1671. 
[Wa,    Wm,   Wc] 
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Woolley,  Paul  Gerhardt;  &  Musgrave,  William  E. 

1905    a. — The    pathology    of    intestinal    amoebiasifl    <  [Publication]     (32), 

Bureau  Govt.  Lkb.,  Manila,  June,  pp.  31-48,  pis.  1-23.     [War.] 
1905    b. — The    pathology    of    intestinal    amebiasis.     [Practically    same    as 

1905  a]    <J.  Am.   M.  Ass.,  Chicago,   v.  45    (19),   Nov.  4,   pp.  1371-1378, 

figs.  1-27  (figs.  4-27  on  3  pis.)  ;  note  by  Woolley,  Paul  G.  (22),  Nov.  25, 

p.  1671.     [Wa.  Wm,  Wc] 

Wuelker,  Gerhard.     [Dr.] 

1911. — Die  Technik  der  Amobenziichtung  <Centralbl.  f.  Bakteriol.  [etc.], 
Jena,  1.  Abt.,  v.  50  (19-21),  4.  Dec.,  Ref.,  pp.  577-610.     [Wa,  Wm.] 

Yeomans. 

(1910  a).— [?]  <Tr.  N.  York  Acad.  M.,  Jan.  7. 

1910  b. — Dysenterie  amibienne  traitee  par  l'appendicostomie.  [Abstract  of 
1910  a]  <Presse  med.,  Par.,  v.  18  (20),  9  mars,  p.  173.     [Wa,  Wm.] 

Young,  G.  B.     [M.  D. ;  Passed  Asst.   Surg.,  U.   S.  Pub.  Health  &  Mar.-Hosp. 
Serv.] 
3903. — Amoebic  dysentery.     [Read  before  Louisville   Clin.   Soc,   Mar.   31] 
<Am.  Pract.  &  News,  Louisville,  v.  35  (7-8),  Apr.  1  &  15,  pp.  241-248; 
discussion,  pp.  288-294.     [Wm.] 
Young,  W.  B.     [M.  D.,  Rock  Hill,  S.  C] 

1910. — Amebae  as  the  cause  of  pellagra  <J.  South  Car.  M.  Ass.,  Charleston, 
v.  6  (11),  Nov.,  pp.  585-589.     [Wm.] 
Zacharias,  Otto.     [Dr.,  Ploen.] 

(1909). — Parasitische  amoben  in  Volvox  minor  <Arch.  Hydrobiol.  Plank- 
tonkde.,  v.  5,  pp.  69-70. 
Zancarol,  George.     [M.  D. ;  Surg.,  Greek  Hosp.] 

1893  a. — Pathogenie  des  abces  du  foie  <Rev.  de  chir.,  Par.,  v.  13  (8),  10 

aout,  pp.  671-677.     [Wm.] 
1895  a. — Dysenterie  tropicale  et  abces  du  foie  <Progres  med.,  Par.,  an. 
23,  3.  s.,  v.  1  (24),  15  juin,  pp.  393-397.     [Wm.] 

Zaubitzer,  Hans. 

3901    a. — Studien    fiber    erne   dem    Strohinfus   entnommene   Amobe.     Diss. 

45  pp.,  1  1.,  1  pi.     8°     Marburg  a.  L.     [Wm.] 
1901  b.— Idem  <Arch.  f.  Hyg.,  Miinchen  &  Leipz..  v.  40   (2),  pp.  103-142, 

pi.  1,  figs.  1-74.     [Wa,  Wm.] 
Ziegler,  Ernst.     [Prof.  Dr.,  Ordinarius  f.  allg.  Path.  u.  path.  Anat.,  Freiburg 

i.  Br.;  Editor,  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.] 
1883  a. — A  text-book  of  general  pathological  anatomy  and  pathogenesis. 

Transl.  and  edited  for  English  students  by  Donald  Macalister.     Pt.  1: 

General   pathological   anatomy,     xv+371  pp.,   117   figs.     S°.     New  York. 

[Wm.] 

1883  b.— Idem,    xvi+360  pp.,  117  figs.    8°.    London.     [Wm.] 

1884  c. — Lehrbuch  der  aligemeinen  und  speciellen  pathologischen  Anatomie 
und  Pathogenese.  Mit  einem  Anhange  liber  die  Technik  der  patho- 
logisch-anatomischen  Untersuchung.  Fur  Aerzte  und  Studirende.  3. 
vermehrte  u.  verbesserte  Aufl.  1.  Theil :  Allgemeine  pathologische  Ana- 
tomie.   x+382  pp.,  129  figs.    8°.    Jena.     [Wm.] 

1885  b. — Lehrbuch  der  aligemeinen  und  speciellen  pathologischen  Anatomie 
fiir  Arzte  und  Studirende.  4.  neu  bearbeitete  Aufl.  v.  1 :  Allgemeine 
pathologische  Anatomie  und  Pathogenese.  X+3S3  pp.,  175  figs.  8°. 
Jena.     [Wa.] 
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Ziegler,  Ernst — Continued. 

1S85  c. — A  text-book  of  pathological  anatomy  and  pathogenesis.  Trans- 
lated and  edited  for  English  students  by  Donald  MacAlister.  Pt.  1: 
General  pathological  anatomy.  2.  ed.,  xvi+360  pp.,  117  figs.  8\  Lon- 
don.    [Wa.] 

1887  c. — Lehrbuch  der  allgemeinen  und  speciellen  pathologischen  Anatomie 
fur  Aerzte  und  Studirende.  5.  neu  bearbeitete  Aufl.  v.  1 :  Allgemeine 
pathologische  Anatomie  und  Pathogenese.  xii+499  pp.,  307  figs.,  1  pi. 
8°.    Jena.     [Wm.] 

1887  d. — Idem.  v.  2:  Specielle  pathologische  Anatomie.  x+1020  pp.,  396 
figs.    8°.    Jena.     [Wm.] 

1889  a. — Idem.  6.  verbesserte  und  theilweise  neu  bearbeitete  Aufl.  v.  1: 
Allgemeine  pathologische  Anatomie  und  Pathogenese.  xiv+567  pp.,  343 
figs.,  1  pi.    4°.    Jena.     [Wa,  Wm.] 

1890  a. — Idem.  6.  neu  bearbeitete  Aufl.  v.  2 :  Specielle  pathologische 
Anatomie.    xii+1024  pp.,  435  figs.    4°.    Jena.     [Wa,  Wm.] 

1892  a. — Idem.  7.  verbesserte  und  theilweise  neu  bearbeitete  Aufl.  v.  1 : 
Allgemeine  pathologische  Anatomie  und  Pathogenese.  xi+638  pp.,  386 
figs.     8°.     Jena.     [Wm.] 

1892  b. — Idem.  v.  2 :  Specielle  pathologische  Anatomie.  x+1021  pp.,  461 
figs.    8°.    Jena.     [Wm.] 

1892  c. — Traite  d'anatomie  pathologique  generale  et  speciale.  Trad,  par 
la  6.  ed.  allemande  (1889)  et  annote  par  G.  Augier  et  E.  van  Ermengem. 
v.  1 :  Anatomie  pathologique  generale  et  pathogenese.  751  pp.,  329  figs. 
8°.    Bruxelles.     [Wm.] 

1895  a. — Lehrbuch  der  allgemeinen  Pathologie  und  der  pathologischen  Ana- 
tomie. Fur  Aerzte  und  Studirende.  8.  neu  bearbeitete  Aufl.  v.  1 :  Allge- 
meine Pathologie.     xii-f 746  pp.,  458  figs.     8°.     Jena.     [Wm.] 

1895  b. — Idem.  v.  2:  Specielle  pathologische  Anatomie.  xii+1025  pp.,  562 
figs.     8°.     Jena.     [Wm.] 

1895  c. — General  pathology,  or  the  science  of  the  causes,  nature,  and  course 
of  the  pathological  disturbances  which  occur  in  the  living  subject.  Trans- 
lated from  the  8.  revised  German  edition.  .  .  .  Editor,  Albert  H  Buck. 
xxii+588  pp.,  458  figs.,  1  pi.     8°.     New  York.     [Wa,  Wm,  Wa] 

1897  a. — A  text-book  of  special  pathological  anatomy.  Translated  and 
edited  from  the  8.  German  edition  by  Donald  MacAlister  and  Henry  W. 
Cattell.  Sect,  ix-xv.  xv +579-1221 +i-xxxi  pp.,  figs.  309-562.  8°.  New 
York.     [Wa] 

1898  a. — Lehrbuch  der  allgemeinen  Pathologie  und  der  pathologischen  Ana- 
tomie. Fur  Aerzte  und  Studirende.  10.  neu  bearbeitete  Aufl.  v.  1 :  Allge- 
meine Pathologie.     xii+747  pp.,  544  figs.     8°.     Jena.     [Wm.] 

1898  b. — Idem.  v.  2  :  Specielle  pathologische  Anatomie.  xii+1024  pp.,  656 
figs.     8°.     Jena.     [Wm.] 

1899  a. — General  pathology  [etc.].  Transl.  from  9.  revised  German  ed.  .  .  . 
xii+598  pp.,  544  figs.     8°.     New  York.     [Wm,  Wc] 

1901a. — Lehrbuch  der  allgemeinen  Pathologie  und  der  pathologischen  Ana- 
tomie. Fur  Aerzte  und  Studirende.  10.  neu  bearbeitete  Aufl.  v.  1 :  Allge- 
meine Pathologie.     xii+798  pp.,  586  figs.     8°.     Jena.     [Wm.] 

1902  a. — Idem.  v.  2:  Specielle  pathologische  Anatomie.  xiv  pp.,  1  1.,  999 
pp.,  723  figs.     8°.     Jena.     [Wm.] 

1908  a: — General  p.ithology,  or  the  science  of  the  causes,  nature,  and  course 
of  the  processes  of  disease.  Translated  from  the  10.  revised  German  edi- 
tion, and  edited  by  Aldred  Scott  Warthin.  xxiii+760  pp.,  586  figs.  8°. 
Now  York.     [Wa,  Wm,  Wc] 
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1905. — Lehrbuch  der  allgemeine  Pathologie  und  der  pathologischen  Ana- 
tomie  fiir  Aerzte  und  Studierende.  11.  neu  bearbeitete  Aufl.  v.  1:  Allge- 
meine Pathologie.     x+810  pp.,  604  figs.     8°.     Jena.     [Wm.] 

1906. — Idem.  v.  2:  Specielle  pathologische  Anatomie.  xi+1098  pp.,  798 
figs.     8°.     Jena.     [Wm.] 

1908  a. — General  pathology.     Transl.  from  the  11.  revised  German  edition. 
Edited  and  brought  up  to  date  by  Aldred  Scott  Warthin.     xx+781  pp.,  604 
figs.     8°.     New  York.     [Wa,  Wc] 
Zorn,  Ludwig. 

1901a. — Beitrag  zur  Kenntnis  der  Amoebenenteritis.  Diss.  32  pp.  8°. 
Miinchen.     [Wm.] 

1902  a.— Idem  <Deutsches  Arch.  f.  klin.  Med.,  Leipz.,  v.  72  (3^),  16.  Mai, 
pp.  366-379.     [Wm.] 
Zusija,  I. 

1893  a. — Ueber  die  Amoeben  im  Darminhalt  der  Ruhrkranken.     [Japanese 
text]  <Ztschr.  d.  med.  Gesellsch.  zu  Tokyo,  v.  7  (22),  20.  Nov.,  pp.  19-22. 
[Wrm.] 
Zusija,  I. ;  &  Naniwa,  K. 

1893  a. — Ueber  die  Amoeben  im  Darminhalt  der  gesunden  Menschen.  [Japa- 
nese text]  <Ztschr.  d.  med.  Gesellsch.  zu  Tokyo,  v.  7  (22),  20.  Nov.,  pp. 
16-19.     [Wm.] 


Amoeba. 

africana  (Hartinann,  1907)  Brumpt,  1910,  32.— Dopter,  1910,  126. 

blattae  Buetschli,  1S78  a,  273-277,  pi.  15,  fig.  26  a-d.— Braun,  1895  b,  43.— 
Braun  &  Luehe,  1909,  2,  20;  1910,  3,  21  (blattoea).— Chatton,  1910,  249; 
1912,  111.— Chatton  &  Brodsky,  1909,  9.— Doflein,  1901  a,  19-20,  fig.  8; 
1907,  281 ;  1909,  99,  fig.  106 ;  1911,  107,  fig.  120.— Elmassian,  1909,  143-163, 
figs,  a-g,  pi.  11,  figs.  1-33;  1909,  340,  344.— Gerould,  1906,  707-710.— 
Grassi,  1882  a,  184.— Grosse-Allemann,  1909,  213.— Gruber,  1911,  256.— 
von  Janicki,  1908,  148-151.— Leidy,  1879  a,  300;  1879  k,  204-205:  1904  a, 
156-157  ;  1905  a,  156-157.— Mercier,  1907,  1132^1134 ;  1908,  942-945 ;  1909, 
164-168;  1910.  144.— Metcalf,  1910,  309,  316.— Minchin,  1907,  17,  20;  1909, 
17;  1910,  300.— Pfeiffer,  1890  c,  801.— Porter.  1909,  40.— Rhumbler,  1898, 
111,  119,  124,  147,  151,  152,  156,  166,  170,  191,  figs.  4,  18,  23,  35,  37;  1905 
Cj  3_4,  7_8,  10-13,  31,  39,  40,  figs.  1,  5,  7,  8,  9,  19,  22.— Schepotieff,  1910, 
495,  496,  497,  -199,  503,  505.— Schneidemuehl,  1896  a,  259.— Schneider, 
K.  C,  1905  a,  24,  28,  29,  91,  111,  pi.  2,  fig.  6  (blattarum).— Schubotz, 
1905  a,  1^2,  pi.  1,  figs.  1-10,  pi.  2,  figs.  1-6;  1905  b,  1-42,  pi.  1.  figs.  1-10, 
pi.  2,  figs.  1-6.— Stiles,  1905  e,  294. 

blattarum  Cnlandruccio,  1890  a,  99.— Casagrandi  &  Barbagallo,  1897,  113, 
152,  163;  1897  a,  586,  589.— Doflein,  1909,  18,  fig.  7;  1911,  18,  fig.  7.— 
Grassi,  1888  b,  12.— Pfeiffer,  1S91  a,  211,  fig.  88  a.— Stiles,  1905  e,  294.— 
Vahlkampf,  1905  a,  203.— Wuelker,  1911,  609. 

blochmanni  Doflein,  1901  a,  17-18,  figs.  5-7.— Chatton,  1909,  690;  1910. 
248.— Doflein,  1909,  514,  fig.  455;  Doflein,  1911,  584,  fig.  517. 

bovis  Doflein,  1909,  499;  1911,  598.— Gedoelst,  1911,  32.— Liebetanz,  1905  a, 
314;  1910,  40^1.— Walker,  1908  a,  424,  441. 

buccalis   Steinberg,   1862   a. — Artault,   1898,   276.— de   Beaurepaire  Aragfio. 

1909,  36.— Blanchard,  18S5  g,  16;  1896  b,  657.— de  Bonis,  1882  a,  146.— 
Braun,  1883  a,  11;   1895  b,  44;   1903,  38;   1906,  37;   190S,  42.— Brumpt. 

1910,  31.— Craig,  1911,  230.— Doflein,  1901  a,  31;  1909,  147;  1911,  158.— 
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buccalis — Continued. 
Doflein  &  von  Prowazek,  1903,  927— Dunglison,  1893  a,  48.— Futcher, 
1903  d,  481.— Gedoelst,  1911,  32.— Guiart,  1910,  137.— Hickson,  1909,  84.— 
Ijima,  1889  b,  57.— Kartulis,  1893  a,  12;  1906,  354.— Leuckart,  1876  a, 
844 ;  1S86  d,  187,  241.— Mincbin,  1907,  17,  18,  21 ;  1909,  17-18,  21.— Moniez, 
1896  a,  17.— Pfeiffer,  L„  18SS  c,  666.— Railliet,  1885  a,  150;  1893  a,  118.— 
Ruge,  1906  b,  9.— Scbneideinuebl,  1896  a,  259.— Spalikowski,  1897  a, 
1056.— Stengel,  1892  a',  287.— Stiles,  1905  e,  296.— Tanaka,  1903,  5.— 
Verdun,  1907  a,  41.— Walker,  1908  a,  423,  442. 

chaetognathi  Grassi,  1882  a,  1S5-1S7,  pi.  4,  figs.  3,  4,  5,  6,  17,  27.— Doflein, 
1901  a,  20.— Pfeiffer,  L,,  1S88  c,  665;  1S90  e,  801;  1891  a,  212  (cbaetog- 
nati).— Porter,  1909,  40. 

chironomi  Porter,  1909,  32-41,  figs.  1-21.— Alexeieff,  1912,  68,  70.— Greig  & 
Wells,  1911,  14. 

ciliaria  Grabani,  1899  a,  477^82  (ciliata,  515-520). 

cobayae  Walker,  1908  a,  429,  442,  pi.  22,  figs.  1-3,  pi.  23,  fig.  10  (copayae, 
429).— Gedoelst,  1911,  33.— Williams,  1911,  268,  271.— Williams  &  Gurley, 
1910,  245   (cobaye). 

coli  Loescb,  1S75  a,  196-211,  pi.  10,  figs.  1-3.— Abbott,  1899,  97.— Albu,  1905, 
432,  434,  435.— Anderson,  190S,  1243.— Axisa,  1910,  667-699.— Baelz,  1883 
a,  237.— Barbagallo,  1905,  73,  74,  75;  1905,  145,  146;  1906,  380-381.— 
Bassett-Smitb,  1900  a,  33-34.— Beijerinck,  1896  a,  261.— Bertarelli,  1905, 
193-198;  1905,  397-399.— Bizzozero,  1882  a,  136;  1883,  134;  1887,  191- 
192.— Blancbard,  1885  g,  10-14,  15,  fig.  6.— Blumer,  1903,  26.— Boas,  1911, 
121.— de  Bonis,  1882,  146.— Bootb,  1908,  340,  341,  342.— Borini,  1904,  12- 
16,  fig.  1.— Bose,  1908,  1250.— Bosso,  1895  a,  651.— Brannan,  1893,  317- 
319.— Brau,  1908,  512.— Braun,  1883  a,  10-11  fig.  1 ;  1895  b,  34-44,  figs.  1, 
2,  3,  4 ;  1903,  32,  figs.  1,  3,  4 ;  1906,  30,  31,  fig.  1 ;  1908,  36— Broido,  1903, 
821,  824,  827.— Brumpt,  1909,  20;  1910,  20.— Buchanan,  R.  E.,  1911,  416; 
418.— Buchanan,  W.  J.,  1900,  306.— Cahen,  1891  a,  854.— Calandruccio, 
1890  a,  95,  99-100.— Calkins,  1901  b,  63.— Casagrandi  &  Barbagallo,  1896 
c,  471 ;  1897  a,  579,  580,  584,  585,  586,  587,  588,  589 ;  1897,  103-166,  pi.  2, 
figs.  1-26.— Castellani,  1904,  497,  498,  499,  500,  507,  509;  1905,  68.— Cayley, 
1893,  630.— Celli,  1896  b,  538.— Celli  &  Fiocca,  1S94  b,  435,  437,  441 ;  1894 
e,  330,  333;  1895  d,  309,  310.— Chatton  &  Lalung-Bonnaire,  1912,  142.— 
Chlapowski,  1909.  86.— Ciechanowski  &  Nowak,  1897,  855.— Cooke,  1910, 
1148 ;  1910,  598 ;  1910;  325-331.— Councilman,  1892  c,  1-7.— Councilman  & 
Lafleur,  1891  a,  397,  405  [5,  13].— Craig,  1901  a,  414-418;  1904,  146,  154; 
1904,  185,  186 ;  1904,  299-301,  figs.  1-8 ;  1905,  243,  244 ;  1908,  327,  329,  330, 
331 ;  1911,  2,  30,  31,  33,  34,  35 ;  1912,  31 ;  1912,  2.— Cramer,  1896  a,  139, 
140,  141,  142,  143.— Crowell,  1910,  77.— Cunningham,  1881  a,  236,  285, 
286.— Daland,  1892,  806  (colli).— Daniels,  1902  b,  45.— Daniels  &  Stanton, 
1907.  352,  354.— Darnall,  1901,  229-232.— Davidson,  1893,  549,  583.— 
Deeks  &  Shaw,  1911,  2.— Delafield  &  Prudden,  1897  a,  127,  128,  130,  fig. 
30;  1901,  128,  511,  figs.  51,  294.— Denier  &  Huet,  1912,  263.— Diamond, 
1900  a,  817-820.  1  fig.— Dievitski,  1903,  774-785.— Dock,  1902  a,  617-619.— 
Doflein,  1901  a,  20-27,  31,  figs.  9-14.— Doflein  &  von  Prowazek,  1903,  883, 
884,  892,  911.  913-920,  fig.  32.— Dopter,  1910,  125,  126.  200.— Duncan,  1902, 
841.— Dunglison,  1893  a,  48,  1185  (Appendix,  1895  a).— Ebstein,  1901  a, 
449.— Eiehberg,  1891  a,  201-205.— Eichhorst,  1901  a,  292,  fig.  28.— Fajardo, 
1896  a,  754,  755,  765.— Fenoglio,  1890,  62-70;  1900,  415-419;  1904,  245- 
267.— Fernando,  1904,  56.— Finley  &  Adami,  1895,  375-378.— Flexner, 
1900,  1202;  1900  a,  930;  1900  c,  918;  1901,  297-337;  1907,  532,  533;  1909, 
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532,    533.— Funkhouser,    1903,    343.— Futcher,   1903   d,   480,   481.— Gabbi, 

1906,  450.— Galloway,  1894,  676-677.— Gasser,  1895  a,  199.— Gauducheau, 

1907,  487.— Gedoelst,  1911,  31,  fig.  30.— Gerry  &  Fitz,  1891  a.  5*2  .",!»:>,.— 
Goltman,  1903,  75.— Gould,  1891,  107-108.— Gradwohl,  1903,  344.— Grass!, 
1879  n,  445,  446;  1882  a,  178-181,  200-207,  218,  219,  pi.  3,  fig.  45;  1888  1» 
6,  12;  1888  e,  83,  84.— Gross,  1903,  432.— Grosse-Allermann,  1909,  252.— 
Guiart,  1910,  140,  141,  142,  143,  257.— de  Haan  &  Kiewiet  de  Jonge,  1908, 
316.— Harold,  1892  a,  1429.— Harris,  1892  a,  631;  1901,  191-194;  1901, 
69.— Hart,  1903  a,  380.— Hartmann,  1908,  117  [217];  1909,  208;  1911, 
50.— Head  &  Ulrich,  1904,  249-250.— Hehir,  1892  b,  321-323.— Holt,  1907, 
920-923 ;  1907,  517,  518,  521 ;  1908,  2140-2143 ;  1909,  39^19.— Hoppe-Seyler, 
1901,  149,  150,  151 ;  1904  a,  647.— Howard,  1892  a,  705-710.— Hoyt,  1908, 
26;  1908,  417.— Huber,  1909,  265.— Huber,  J.  Ch.,  1906,  1609.— Ijima, 
1889  b,  54.— Jaeger,  1901a,  91S,  919;  1902  c,  209,  210;  1902  e.  865-8G7 ; 
1902  g,  556.— von  Jakscb,  1888  a,  512;  1896  a,  251-252,  fig.  73  c— Janow- 
ski,  1897  c,  92,  96,  97,  154,  156,  157,  194,  195,  197,  198,  199,  200,  234, 
239,  240,  241,  242,  243,  244,  246.  250,  251.— Jeffries,  1904  a,  356.— Jensen, 
1898  a,  133,  138,  139.— Johnson,  1908,  377-378.— Juergens,  1907,  771,  777.— 
Kaestner,  1906,  10-12,  figs.  1-3.— Kartulis,  1885  c,  145;  1886  a,  524; 
1887  b,  745;  1889  a,  97;  1890  b,  54;  1891  a,  365.— Kiewiet  de  Jonge, 
1904  a,  74,  77.— Killougb,  1908,  371-377 ;  1909,  174-176.— Kovacs,  1892  a, 
509-551.— Kruse  &  Pasquale,  1893  a,  354.  378;  1894  a,  113.— Kruse, 
W.  A.  K.,  1896  a,  606-618.— Kuenen,  1909,  547,  630,  632,  633.— Kurtz, 
1903,  535-542.— Lafleur,  1890  a,  91-92 ;  1891  a,  83-84 ;  1895,  379 ;  1897  a, 
753-783.— Lamb,  1907,  354-356.— Laveran,  1893  h,  876,  877.— Lehmann, 
1912,  591.— Lemoine,  1908,  640-643.— Leuckart,  1879  b,  236;  1886  d,  186- 
191,  fig.  94.— Lindner,  1896  a,  1231.— Liston,  1911,  108.— MacCallum,  1906, 
28,  29,  30.— McElroy,  1902,  169-176.— McMillan,  1912,  48.— Maggiora,  1891, 
718,  719,  723,  724,  725,  726 ;  1892  a,  173,  174,  176,  177,  178,  179,  183,  184.— 
Manson,  1894,  676-678,  1  fig. ;  1901  b,  266 ;  1904.  379,  384,  390,  393,  394, 
395,  456,  458,  459,  fig.  55 ;  1907,  434,  437,  443,  444,  446,  466,  498.  fig.  61.— 
Martin,  C.  F.,  1911,  643.— Martin,  F.  S..  1905  a,  379.— Martini,  1910,  390 ; 
1911,  395.— Messineo,  1911,  241,  242,  243.— Miller,  1894  a,  275.— Minchin, 
1907,  17,  18,  fig.  1;  1909,  17,  18,  20,  fig.  1.— Molisch,  1903,  22.— Moniez, 
1896  a,  2,  3-12,  14,  15,  16,  18,  69,  figs.  1,  2.— Mosler  &  Peiper,  1894  a,  1-6, 
fig.  1.— Motas,  1906,  682.— Moulden,  1906  a,  132-135.— Musgrave,  1906  a, 
554.— Musgrave  &  Clegg,  1904  h,  5-85 ;  1908  m,  343,  346 ;  1906,  922,  946.— 
Musser,  1900  b,  1263.— Myer,  1902  a,  19.— Neveu-Lemaire,  1902  a,  6,  8,  9. 
1  fig. ;  1904  a,  6,  9,  1  fig.— Newell,  H.  A.,  1910,  100.— Nietert,  1902,  55-01.— 
Niles,  1908,  420-424.— Normand,  1879  a,  211.— Opie,  1901,  219.— Oppen- 
beim,  1900  a,  164-165.— Osier,  1890  b,  53-54  ;  1890  d,  736 ;  1895,  144  ;  1898  a, 
195,  201,  577;  1902  c,  673-677.— Patterson,  1909,  198-202.— Perroncito, 
1882  a,  85;  1912,  29-30.— Peyrot  &  Roger,  1897,  89.— Pfeiffer,  L.,  1SS8  c, 
662,  663,  664,  665 ;  1891  a,  210-215,  fig.  88  d.— Phoustanos,  1906,  65-69,  97- 
104.— Piccardi,  1895  a,  171,  174,  180,  181.— Posner,  1893  c,  674,  676.— Prues, 
1905,  7-109.— Quincke,  1899  a,  1002,  1032,  figs.  2,  3.— Quincke  &  Roos, 
1893  a,  1093,  1094.— Railliet,  1885  a,  150;  1893  a,  116-117,  fig.  54.— Rhein, 
1892  a,  40-41.— Rho,  1894  a,  16.— Roger,  1901a,  115,  118.— Roos,  1S94  c, 
3S9,  390,  393,  399,  400  404.— Rose,  1910,  36.— Rosenberger,  1912,  590-591.— 
Ruge,  1906  b,  11.— Satterthwaite,  1881  b,  219,  1  fig.— Schaeffer.  1901  a, 
404;  1901  b,  657.— Schardinger,  1896  a,  544-545;  1899  a,  722,  723,  724.— 
Schaudinn,   1903   a,   547,   550,   564.— Schneidemuehl.   1896   a,   258-259.— 
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Schuberg,  1893  a,  59S,  654,  701.— Schubotz,  1905  b,  5.— Scott,  J.  A.,  1901, 
11-15.— Seifert,  1908  a,  481,  485.— Shaw,  1901,  601,  620;  1905,  642,  663; 
1909,  655,  680.— Shiga.  1898,  819,  821;  1902  a,  352,  353.— de  Silvestri, 
1895,  33.— Simon,  C.  E.,  1890  a,  97;  1896  a,  183,  214,  225,  469;  1897  a, 
210,  241,  259,  fig.  42;  1904  a,  299^300,  353,  629,  fig.  56;  1907,  286,  339; 
1911,  215,  262.— Simon,  S.  K.,  1909,  1528.— Slaughter,  1895  a,  722-731.— 
Smith,  A.  J.,  1901,  409-412.— Smith,  A.  J..  &  Weidman,  1910,  286.— 
Smith,  R.  J.,  1906,  420-422.— Sonsino,  1896  a,  309.— Spelman  &  Wherry, 
1906  a,  277-279.— Steffenhagen,  1903  a,  22,  23.— Stengel,  1890  a,  500-503, 
figs.  1-3;  1891,  99-101;  1891  b,  218-224;  1892  a,  286-293;  1898,  103- 
110.— Stiles,  1902  hh,  211 ;  1905  e,  292-303 ;  1907  e,  532.— Stockton,  1894, 
69-73.— Streett,  1893,  92-99.— Strong,  L.  W.,  1898  a,  249-259.— Strong, 
R.  P.,  1901  c,  10-11;  1901,  742-743;  1907  a,  494.— Talamon,  1891  b,  550- 
552.— Tanaka,  1903,  1-29.— Tayler-Jones,  1904,  13.— Taylor,  1903  a,  10.— 
Thayer,  W.  S.,  &  Flexner,  1893  a.  56-58.— Tuttle,  1904  a,  561.— Vahl- 
kampf,  1905  a,  198,  199,  201,  202,  203,  206.— Vedder,  1906  a,  870;  1907  a, 
192.— Verdun,  1904  d,  183-185;  1904  1  386,  387,  388,  389,  390,  391,  392, 
394;  1907  a,  21,  28,  29,  30-32,  33,  34,  36,  37,  43-44,  figs.  1,  2,  3,  4,  pi.  1, 
fig.  1.— Viereck,  1906  e,  1063;  1907  c,  28,  32,  33.— Vivaldi,  1894  a,  148.— 
Vollbracht,  1904  b,  161.— Walker,  1908  a,  382,  386,  387,  389,  392,  393,  411, 
412,  413,  418.  419,  420,  422,  424,  428.  429,  430,  431,  432,  440,  442,  pi.  22,  fig. 
4,  pi.  23,  fig.  7.— Ward,  1903  a,  23-26.— Weichselbaum,  1898  a,  282-283,  fig. 
54.— Wellman,  1905  p,  1736.— Wenyon,  1907  i,  182.— Werner,  1911,  67.— 
Wesener,  1892  a,  541 ;  1892, 548,  550.— West,  1895, 301-306.— Wijnhoff,  1895, 
107.— Williams.  1911,  267,  271,  273,  275,  276,  277,  .279,  280.— Williams  &  Gur- 
ley,  1910,  239,  245.— Withington,  1894,  516-517.— Wood,  H.  C,  &  Fitz,  1897  a, 
321.— Woodward,  1879,  371.— Woolley  &  Musgrave,  1905  a,  31-48 ;  1905  b, 
1371-1378.— Wuelker,  1911,  609.— Zaubitzer,  1901  b,  138.— Ziegler,  1883  a, 
353  ;  1883  b,  345  ;  1884  c,  373  ;  1885  b,  373 ;  1885  c,  345  ;  1887  c,  48S ;  1887  d, 
554 ;  1889  a,  551 ;  1892  a,  616 ;  1892  c,  727 ;  1895  c,  564 ;  1898  a,  716 ;  1899  a, 
571 ;  1903  a,  680 ;  1908  a,  689.— Zom,  1901  a,  8,  11,  28,  29 ;  1902  a,  371,  372, 
378. 

eoli  communis  Kruse,  W.  A.  K.,  1896  a,  613. — Fenoglio,  1904,  247. — Mes- 
sineo,  1911,  241. 

eoli  var.  dysenteriae  Doflein  &  von  Prowazek,  1903,  918. — Jensen,  1898  a, 
134  (eoli  dysenterica ) . — Messineo,  1911,  241. 

eoli  dysenterici  Kruse,  W.  A.  IC,  1896  a,  613.— Fenoglio,  1904,  247. 

eoli  felis  Quincke  &  Roos,  1893  a,  1093,  1094.— Barbagallo,  1905,  73;  1905, 
283.— Borini,  1904,  14.— Braun,  1895  b,  41. — Casagrandi  &  Barbagallo, 
1897,  110,  133,  136,  148,  150.— Chlapowski,  1909,  86.— Ciechanowski  fr 
Nowak,  1897,  855.— Craig,  1905,  854.— Cramer,  1896  a,  141.— Dock,  1902  a, 
619.— Eichhorst,  1901  a,  292.— Fajardo,  1896  a,  755.— Funkhouser,  1903, 
343.— Futcher,  1903  d,  481.— Hoppe-Seyler,  1901,  149,  151,  fig.  10;  1904  a, 
647.— Jaeger,  1902  c,  210.— Janowski,  1897  c,  234.— Moniez,  1896  a,  6.— 
PruSs,  1905,  39.— Quincke,  1899  a,  1002,  1032,  1034.— Schaudinn,  1903  a, 
564.— Schneidemuehl,  1896  a,  259.— Shiga,  1898,  819.— Steffenhagen,  1903 
a,  22,  23.— Stiles,  1905  e,  295.— Tanaka,  1903,  16.— Verdun,  1904  f,  391; 
1905  a,  58;  1907  a,  30,  37.— Vollbracht,  1904  b,  163.— Walker,  1908  a,  422, 
430,  440,  442-443.— Ziegler,  1908  a,  690,  fig.  524.— Zorn,  1901  a,  11,  12; 
1«)02  a,  371 ,  378. 

toll  hominis  Kuenen,  1909,  564. 
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coli  incapsulata  Maggiora,  1891,  725;  1892,  178. — Mosler  &  Peiper,  1894  a, 
3.— Steffenhagen,  1903  a,  4. 

coli  intcstini  vulgaris  Fenoglio,  1904,  252. 

coli  'mitis  Quincke  &  Roos,  1893  a,  1093,  1094.— Barbagallo,  1905,  73 ;  1905, 
283.— Borchardt,  1896  a,  87.— Borini,  1904,  14.— Braun,  1895  b,  41;  1903 
37,  38;  1908,  35— Broido,  1903,  824.— Casagrandi  &  Barbagallo,  1897,  110, 
133,  134,  136,  148,  150.— Chlapowski,  1909,  86.— Omncilman  &  Lafleur. 
1891  a,  440.— Craig,  1905,  243;  1905,  854;  1908,  329;  1911,  30.— Cramer, 
1896  a,  141.— Dock,  1902  a,  619.— Doflein  &  von  Prowazek,  1903,  911  — 
Ebstein,  1901  a,  448.— Eichhorst,  1901  a,  292.— Fajardo,  1896  a,  755  — 
Fenoglio,  1904,  247,  252.— Flexner,  1901,  309;  1907,  532;  1909,  532.— 
Funkhouser,  1903,  343.— Fu tcher,  1903  d,  481.— Hoppe-Seyler,  1901,  149, 
150,  160,  166,  fig.  9.— Jaeger,  1902  c,  210.— Janowski,  1897  c,  194,  197,  202, 
234.— Jensen,  1898  a,  134.— Kruse,  W.  A.  K.,  1896  a,  613.— Messineo,  1911, 
241.— Meyer,  1906,  1327.— Moniez,  1896  a,  6.— PruSs,  1905,  38,  39.— 
Quincke,  1899  a,  1002,  1003,  1032,  1034.— Roos,  1894  c,  390,  391,  397,  399, 
405.— Ruge,  1906  b,  3,  11.— Schaudinn,  1903  a,  564.— Schneideinuehl,  1896 
a,  259.— Shiga,  1S98,  819.— Steffenhagen,  3903  a,  22,  23.— Stengel,  1898, 
109.— Stiles,  1905  e,  295.— Strong,  L.  W.,  1898  a,  255.— Talamon,  1891  b, 
550-552.— Tana ka,  1903,  16.— Verdun,  1904  f,  391,  392;  1905  a,  58;  1907  a, 
37.— Vincent,  1903  a,  880.— Walker,  1908  a,  422,  430,  440,  443.— Weichsel- 
baum,  1898  a,  283.— Ziegler,  1895  a,  717,  fig.  444;  1895  c,  563,  fig.  444; 
1898  a,  715,  716,  fig.  530 ;  1899  a,  570,  571,  fig.  530 ;  1901  a,  719,  fig.  513 : 
1903  a,  680,  fig.  513;  1905,  723,  fig.  523;  1908  a,  689.— Zorn,  1901  a,  11, 
12;  1902  a,  371. 

coli  vulgaris  Ziegler,  1895  a,  717 ;  1895  c,  563 ;  1898  a,  715,  716 ;  1899  a,  570 ; 
1901  a,  719;  1903  a,  680;  1905,  723;  1908  a,  689.— Broido,  1903,  829.— 
Casagrandi  &  Barbagallo,  1897,  150.— Ciechanowski  &  Nowak,  1897,  855  — 
Strong,  L.  W.,  1898  a,  255. 

croupogena  Rivolta  &  Delprato,  1881  a. — Perroncito,  1882  a,  95  (crupo- 
gena).— Railliet,  1893  a,  148. 

currens  Metcalf,  1910,  308-310,  fig.  24. 

dentalis  Braun,  1883  a,  11;  1895  b,  44;  1903,  38;  1906,  37;  1908,  42.— 
Brumpt,  1910,  32.— Craig,  1911,  37.— Doflein,  1911,  595.— Doflein  &  von 
Prowazek,  1903,  927.— Dunglison,  1893  a,  48.— Guiart,  1910,  137.— Kruse, 
W.  A.  K.,  1896  a,  617.— Leuckart,  1886  d,  187.— Moniez,  1896  a,  16  — 
Railliet,  1893  a,  118.— Schneidemuehl,  1896  a,  259.— Stiles,  1905  e,  296.— 
Tanaka,  1903,  5.— Verdun,  1907  a,  41.— Walker,  1908  a,  423,  443. 

diaphana  Celli  &  Fiocca,  1894  b,  435,  438,  440;  1894  e,  330,  331,  334-335, 
338.— Blanchard,  1896  b,  656.— Booth,  1908,  341.— Borini,  1904,  15  — 
Braun,  1903,  38;  1908,  35— Casagrandi  &  Barbagallo,  1897,  140,  147, 
151._Celli,  1896  b,  538.— Celli  &  Fiocca,  1895  d,  310.— Craig,  1908,  329; 
1911,  32.— Cramer,  1896  a,  142.— Doflein  &  von  Prowazek,  1903,  912.— 
Gedoelst,  1911,  31.— Janowski,  1897  c,  239,  240,  241,  242.— Manson,  1904, 
394;  1907,  444.— Moniez,  1896  a,  12,  13,  14.— Phoustanos,  1906,  68.— 
Pru§s,  1905,  27.— Stiles,  1905  e,  295.— Strong,  R.  P.,  1907  a,  495.— Vahl- 
kampf,  1905  a,  202.— Verdun,  1907  a,  29.— Walker,  1908  a,  430,  431,  443. 

dysenteriac  Councilman  &  Lafleur,  1S91  a,  405  (13).— Abbott,  1899,  97.— 
Albu,  1905,  436.— Blanchard,  1896  b,  658.— Braun,  1895  b,  42;  1903,  37; 
1908,  35.— Broido,  1903,  822,  824.— Brumpt,  1910,  20.— Brunwin,  1908, 
278.— Buchanan,  R.  E.,  1911,  419.— Charles,  1908,  123S.— Ciechanowski  & 
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Nowak,  1897,  855.— Craig,  1905,  243,  244,  245 ;  1908,  328,  329,  330 ;  1911,  6, 
31,  33,  35.— Cramer,  1896  a,  139,  140,  141,  143,  144.— Culler,  1910,  500-501.— 
Deeks  &  Shaw,  1911,  2,  3.— Delafield  &  Prudden.  1897  a,  127.— Denier  & 
Huet,  1912,  263,  264,  265.— Dock,  1902  a,  619.— Doflein  &  von  Prowazek, 
1903,  918.— Dopter,  1905,  365 ;  1905,  417 ;  1907,  505-541 ;  1910,  117,  124.  — 
Dunglison,  1893  a  (Appendix,  1895  a,  1185).— Flexner,  1892  c,  104,  106; 
1901,  309 ;  1907,  532 ;  1909,  532.— Funkhouser,  1903,  343.— Futcher,  1903  d, 
480-488.— Gant,  1906,  259,  260.— Gedoelst,  1911,  31,  fig.  31.— Goodhue, 
1906,  1583.— Gross,  1903,  432.— Guiart,  1910,  141,  143,  150,  257.— Herriek, 
1910,  663.— Holt,  1907,  520.— Hoppe-Seyler,  1901,  150,  151 ;  1904  a,  647.— 
Jaeger,  1901  a,  918;  1902  c,  209,  210;  1902  g,  556.— Janowski,  1S97  c, 
154,  195,  198.— Jelks,  1902,  632.— Killough,  1908,  372 ;  1909,  174.— Kruse  & 
Pasquale,  1894  a,  113.— Laflenr,  1897  .a,  761.— Lockwood,  1897  b,  475.— 
Macfadyen,  1893,  114.— McMillan,  1912,  48.— Manson,  1901  a.  262;  1904, 
391,  393;  1907,  443.— Marshall,  D.  G.,  1899  a,  1386-1388,  figs.  1-5.— 
Martin,  1905  a,  378,  379.— Matthews,  1905,  253.— Musgrave  &  Clegg, 
1905  in,  346.— Neveu-Lemaire,  1912,  197.— Osier,  1898  a,  195.— Pat- 
terson, 1908,  189,  190;  1910,  835  (dysenterii).— Piccardi,  1895  a,  182.— 
Rogers,  1908,  285-290.— Rcos,  1894  c,  393,  399,  404.— Ruge,  1906  b, 
3,  5.— Rutherford,  1903  a,  73-77.— Shaw,  1901,  620,  fig.  221;  1905,  663, 
fig.  262;  1909,  680,  fig.  262.— Shiga,  189S,  818;  1902  a,  352,  353.— Simon, 
S.  K.,  1909,  1528.— Steffenhagen,  1903  a,  23.— Stiles,  1905  e,  295,  297; 
1907  e,  532.— Strong,  L.  W.,  1898  a,  255.— Strong,  R.  P.,  1901  c,  7-10 ;  1901, 
741-742,  743;  1907  a,  494.— Tanaka,  1910,  2300-2301.— Taylor,  1903  a,  10 
(dysenteria).— Thomas,  1906  a,  108-118.— Tuttle,  1904  a,  1022-1026; 
1904  b,  561-571;  1905,  348-353.— Verdun,  1904  f,  3S9 ;  1905  a,  58;  1907  a, 
30.— Viereck,  1906  e,  1063;  1907  c,  32.— Vincent,  1903  a,  879,  880.— 
Walker,  1908  a,  420,  440,  443.— Weichselbaum,  1898  a,  283.— Wood  &  Fitz, 

1897  a,  321.— Ziegler,  1895  a,  717,  fig.  445 ;  1895  c,  563,  564,  565,  fig.  445 ; 

1898  a,  715,  716,  fig.  531;  1899  a,  570,  571,  fig.  531;  1901  a,  720,  fig.  514; 
1903  a,  680,  fig.  514 ;  1905,  723,  724,  fig.  524 ;  1908  a,  6S9,  fig.  524. 

dysenterica  Pfeiffer,  L.,  1888  c,  662.— Axisa,  1910,  668.— Booth,  1908,  341.— 
Cayley,  1893,  630.— Delafield  &  Prudden,  1901,  128.— Fenoglio,  1904,  251 
(dissenterica).— Goldsmith,  1901  a,  372-374— Ha  rtsock,  1904  a,  108  — 
Kartulis,  1893  a,  12.— Krouse,  1910,  269-270.— Musser  &  Willard,  1S93  a, 
528;  1893,  103.— Nydegger,  1907,  11-15.— Phoustanos,  1906,  68.— Posner, 
1893  a,  166;  1893  c,  674.— Potherat,  1911,  94.— Rho,  1894  a,  25,  101  (dis- 
senterica )  .—Rogers,  1902  m,  848,  849;  1903  s,  1316,  1317;  1908,  1246.— 
Stiles,  1905  e,  295,  297.— Tuttle,  1903  a,  812.— Walker,  1908  a,  405,  440, 
443.— Young,  G.  B.,  1903,  242. 

enterica  Walker,  1908  a,  429,  430,  443-444,  pi.  23,  fig.  9.— Gedoelst,  1911,  33. 

febris  flavae  Thayer,  A.  E.,  1907  a,  45-49,  figs.  1-2. 

febris  tertianae  Kruse,  W.  A.  K.,  1896  a,  673. 

fecalis  Walker,  1908  a,  386,  387,  389,  393,  427,  429,  430,  444,  pi.  24,  figs.  .13, 
14 —Gedoelst  1911,  33.— Wuelker,  1911,  579   (faecalis). 

felis  Quincke  &  Roos,  1893  a,  1093.— Cramer,  1896  a,  143.— Fenoglio,  1904, 
247.— Flexner,  1901,  309.— Graser,  1900,  434  (fellis).— Gross,  1903,  432, 
433,  435,  436.— Janowski,  1897  c,  195,  198.— Messineo,  1911,  241.— Quincke, 

1899  a,  1002,  1033,  1034. 

foliata  Casn grand!  &  P,u  rbagallo,  1897  a,  586.— Wuelker,  1911,  609. 
gallopavonis  Walker,  1908  a,  429,  444,  pi.  24,  fig.  15.— Gedoelst,  1911,  33. 
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gingivalis  Gros,  1849  a,  666,  pi.  6,  fig.  C  (gengivalis). — Blanchard,  1896  b, 
667-668.— Braun,  1805  b,  44;  1903,  38;  1906,  37;  1908,  42.— Brumpt,  1910, 
32.— Craig,  1911,  37.— Doflein,  1901  a,  31;  1911,  595.— Doflein  &  von 
Prowazek,  1903,  927.— Duval  &  Lemarchal,  1910,  319.— Futcher,  1903  d, 
INI.— Gedoelst,  1911,  31.— Guiart,  1910,  137,  139,  257.— Monies,  1896  a, 
17.— Neveu-Lemaire,  1902  a,  6,  9;  1904  a,  6,  9.— Schneidemuehl,  1896  a, 
259.— Stiles,  1905  e,  296  (gengivalis).— Tanaka,  1903,  5  (gingivulis).— 
Verdun,  1907  a,  41.— Walker,  1908  a,  423,  444. 

guttula  Celli  &  Fiocca,  1894  b,  436;  1894  e,  331,  332;  1895  d,  310.— Blan- 
chard, 1896  b,  656.— Booth,  1908,  341.— Braun,  1903,  38;  1908,  35.— 
Casagrandi  &  Barbagallo,  1897,  140,  147;  1897  a,  580,  586,  587.— Celli, 
1896  b,  538.— Cramer,  1896  a,  142.— Doflein,  1907,  256,  257.— Doflein  &  von 
Prowazek,  1903,  908,  913.— Gedoelst,  1911,  31.— Glaeser,  1912,  52,  91,  92.— 
Janowski,  1897  c,  240,  241.— Kruse,  W.  A.  K.,  1896  a,  682.— Leidy,  1879 
a,  47.— Manson,  1904  a,  394;  1907,  444.— Moniez,  1896  a,  13,  14,  15.— 
Penard,  1909,  264.— Phoustanos,  1906,  68.— Rbumbler,  1898,  118,  126,  139; 
1905  c,  45.— Schneider,   K.   C,  1905  a,  23,  28,  29,  32,  33.— Schouteden, 

1905  a,  328.— Valilkainnf,  1905  a,  202,  203.— Verdun,  1907  a,  29  — 
Walker,  1908  a,  440.— Weicbselbaum,  1898  a,  295.— Wuelker,  1911,  609. 

histolytica  (Schaudinn,  1903  a)  Broido,  1903,  827,  828.— Boas,  1911,  121.— 
Castellani,  1904,  509  (histolitica).— Charles,  1908,  1254.— Dopter,  1910, 
200.— Duncan,  1912,  151.— Flexner,  1907,  535;  1909,  535.— Garin,  1910, 
397,  398;  1911,  421  (histoltica)  ;  1911,  21  (histoltica).— Huber,  1909,  265, 
266,  268,  270.— Huber,  J.  Ch.,  1906,  1609.— Jelks,  1910,  55  (hystolytica).— 
Juergens,  1906,  1607;  1907,  246.— Kraus,  1906,  1609.— Lehmann,  1912, 
591.— Martini,  1910,  390.— Meyer,  1906,  1328.— Minchin,  1907,  18,  20,  21, 
fig.  2;  1909,  18,  20.  21,  fig.  2.— Motas,  1906,  682  (histoltica).— Rist,  1907, 
913.— Rogers,    1912,    1424-1425.— Ruff er    &    Willmore,    1909,    862.— Ruge, 

1906  b,  5,  fig.  1,  pi.  1,  figs.  1,  2,  pi.  2,  figs.  1-2.— Skshivan  &  Stefanski, 
1908,  372,  374,  376.— Smith,  A.  J.,  &  Weidman,  1910,  286.— Viereck,  1907  c, 
9,  10,  13.— Vincent,  1907,  174.— Weidner,  1910,  1148  (histologica).— Whit- 
tington,   1912,  343    (hystolytica). 

hominis  (Casagrandi  &  Barbagallo,  1897)  Walker,  1908  a,  429,  432,  444-445; 
1911,  263. 

hydroxena  Entz,  1912,  19-47. 

incapsulata  Wesener,  1892  a,  541 ;  1892,  551. 

intestinale  Perroncito,  1894,  859. 

intestinalis  Blanchard,  1885  g,  15;  1896  b,  658.— Braun,  1895  b,  42;  1903, 
37;  1908,  35.— Dock,  1902  a,  619.— Guiart,  1910,  142.— Moniez,  1896  a,  8  — 
Ruge,  1906.  b,  5.— Spalikowski,  1897  a,  1056.— Stiles,  1905  e,  295,  297.— 
Verdun,  1907  a,  30. 

intestinalis  Walker,  1908  a,  391,  392,  413,  414,  427,  428,  429,  430,  432,  433, 
434,  441,  445,  pi.  23,  fig.  8.— Doflein,  1909,  508.— Gedoelst,  1911,  33.— Smith, 
"  Theo.,  1910,  430,  431.— Williams,  1911,  268,  271,  273,  275,  276,  277,  280.— 
Williams  &  Gurley,  1910,  244,  245. 

intestinalis  vulgaris  Eichhorst,  1901  a,  292. — Vincent,  1903  a,  880. 

intestini  vulgaris  Quincke  &  Roos,  1893  a,  1093,  1094. — Barbagallo,  1905, 
73.— Borini,  1904,  15.— Braun,  1895  b,  41,  42;  1903,  37,  38;  1908,  35.— 
Broido,  1903,  824.— Casagrandi  &  Barbagallo,  1897,  110,  14S.— Craig,  1905, 
854;  1908,  329;  1911,  30.— Cramer,  1896  a,  141.— Dock,  1902  a,  619.— 
Doflein  &  von  Prowazek,  1903,  911.— Fajardo,  1896  a,  755.— Funkhouser, 
1903,  343  (intestime  vulgaris).— Futcher,  1903  d,  481.— Guiart,  1910,  141.— 
Jaeger,  1902  e,  866.— Jensen,  189S  a,  134.— Messineo,  1911,  241.— Moniez, 
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1896  a,  6.— Prues,  1905,  27,  39.— Roos,  1894  c,  391,  398,  399.— Schneide- 
muehl,  1896  a,  258.— Steffenhagen,  1903  a,  22,  23.— Stengel,  1898,  109  — 
Stiles,  1905  e,  295.— Tanaka,  1903,  16  (vulgalis).— Verdun,  1904  f,  387, 
391 ;  1905  a,  58 ;  1907  a,  29.— Walker,  1908  a,  422,  430,  440,  445.— Weichsel- 
baum,  1898  a,  283.— Zoru,  1901  a,  12 ;  1902  a,  371. 

istolitica  Fenoglio,  1904,  251,  252. 

jelaginia  von  Mereschkowsky,  1878  a,  204,  pi.  11,  figs.  29-30. — Braun,  1895  b, 
43.— Leuckart,  18S6d,  189.— Moniez,  1896  a,  9.— Railliet,  1885  a,  150. 

kartulisi  Doflein,  1901  a,  30-31.— Braun,  1903,  40,  fig.  5;  1906,  38,  fig.  5; 
1908,  42,  fig.  6.— Brumpt,  1910,  33.— Chatton,  1910,  247.— Doflein  &  von 
Prowazek,  1903,  924.— Duval  &  Lema renal,  1910,  319.— Gedoelst,  1911, 
32.— Guiart,  1910,  139.— Hickson,  1909,  84.— Kaestner,  1906,  11.— Stiles, 
1905  e,  296.— Verdun,  1907  a,  44,  fig.  6.— Walker,  1908  a,  423,  445. 

lacertae  Hartmann  in  Hartmann  &  von  Prowazek,  1907,  314,  315,  320,  fig. 
4  f—  Braun  &  Luehe,  1909,  19.— Chatton,  1910,  252;  1910,  304,  316.— 
Chatton  &  Lalung-Bonnaire,  1912,  140,  141.— Doflein,  1909,  513,  fig.  454; 
1911,  573,  583,  fig.  516.— Glaeser,  1912,  97.— Hartmann,  1911,  6,  fig.  1.— 
Hartmann  &  Naegler,  1908,  113.— von  Janicki,  1909,  392.— Kisskalt  & 
Hartmann,  1910,  18-19,  fig.  1.— Naegler,  1909,  19-20,  24,  31,  32,  38,  40, 
pi.  1,  figs.  8-13,  pi.  2,  figs.  45-52.— Popoff,  1911,  209,  217.— Whitmore,  1911, 
78.— Wuelker,  1911,  610. 

lagopodis  Fantham,  1910,  702-703,  pi.  61,  figs.  58-65 ;  1910,  30. 

letullei  Neveu-Leroaire,  1912,  189.— Letulle,  1908,  256-266,  figs.  1-6,  pi.  4, 
figs.  1-3. 

Umax  Pfeiffer,  L.,  1891  a,  211,  fig.  88  b.— Craig,  1911,  190,  191,  fig.  26  — 
Doflein,  1907,  256,  257,  270.— Greig  &  Wells,  1911,  53.— Guiart,  1911,  849, 
figs.  2,  3.— Schneider,  K.  C,  1905  a,  23,  32.— Werner,  1908  e,  433,  434,  435 
(15,  16,  17),  figs.  36-38;  1909,  244,  245,  figs.  36-38.— Williams  &  Gurley, 
1910,  245,  246. 

lobosa  Celli  &  Fiocca,  1894  b,  435,  436,  440 ;  1894  e,  321.— Blanchard,  1896  b, 
656.— Fajardo,  1896  a,  755.— Gedoelst,  1911,  31.— Janowski,  1897  c,  240, 
242.— Moniez,  1896  a,  12,  13,  14.— Neveu-Lemaire,  1912,  197.— Pru&s,  1905, 
27.— Stiles,  1905  e,  295.— Strong,  L.  W.,  1898  a,  257.— Tsujitani,  1898  a, 
666,  667.— Walker,  1908  a,  440. 

lobosa  coli  Celli  &  Fiocca,  1894  b,  436;  1894  e,  333,  338.— Braun,  1903,  38; 
1908,  35.— Moniez,  1896  a,  13.— Stiles,  1905  e,  295.— Verdun,  1904  f,  388; 

1907  a,  29.— Walker,  1908  a,  430,  431,  440,  446. 
lobosa  gruberi  Wuelker,  1911,  592,  609. 

lobosa  guttula  Celli  &  Fiocca,  1894  b,  436;  1894  e,  331-332,  338.— Braun, 
1903,  38;  1908,  35.— Craig,  1908,  329  (guttata);  1911,  32  (guttata).— 
Doflein  &  von  Prowazek,  1903,  912.— Janowski,  1897  c,  239.— Moniez, 
1896  a,  13.— PruSs,  1905,  27.— Stiles,  1905  e,  295.— Strong,  R.  P.,  1907  a, 
494.— Verdun,  1907  a,  29.— Walker,  1908  a,  430,  431,  440,  445. 

lobosa  oblonga  Celli  &  Fiocca,  1894  b,  436;  1894  e,  332,  338.— Braun,  1903, 
38;  1908,  35.— Craig,  1908,  329;  1911,  32.— Doflein  &  von  Prowazek,  1903, 
912.— Janowski,  1897  c,  239.— Moniez,  1896  a,  13.— Pru6s,  1905,  27.— Stiles, 
1905  e,  295.— Strong;  R.  P.,  1907  a,  494.— Verdun,  1907  a,  29.— Walker, 

1908  a,  430,  431,  440,  446. 

lobospinosa  Craig,  1912,  1,  25-30,  31,  pi.  2,  fig.  4,  lower  group. 

malaria?  (Laveran,  1880)  Sakharov,  1892  a.— Weichselbaum,  1898  a,  291. 

malaria?  febris  quartanae  Kruse,  W.  A.  K.,  1896  a,  672. 
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meleagridis  Smith,  Theo.,  1895  a,  1-38,  pis.  1-5.— Buchanan,  R.  E.,  1911, 
41C— Cole,  1908,  297-298  (melegridis).— Cole  &  Hadley,  1910,  918-919.— 
Crawley,  1912,  484.— Curtice,  1907,  5-04;  1907,  67-105.— Doflein,  1909, 
508.— Fantham,  1910,  703.— Gedoelst,  1911,  32.— Hadley  &  Amison,  1911, 
34-41.— Hassall,  1890  b,  1.— Kaestner,  1906,  12.—  Kaupp,  1911,  410-416, 
fig.  3.— Kruse,  W.  A.  K.,  1896  a,  618.— Laveran  &  Lucet,  1905  a,  676.— 
Milks,  1908,  3-7.— Neveu-Lemaire,  1912,  193.— Smith,  Theo.,  1910,  509- 
512.— Walker,  1908  a,  424,  446  (meliagridis).— Watanabe,  1910,  67-81. 

minuta  (Elmassian,  1909)   Gedoelst,  1911,  33. 

mitts  Cramer,  1896  a,  143.— Graser,  1900,  434.— Janowski,  1897  c,  194,  195, 
198.— Quincke,  1899  a,  1033. 

miurai  Ijima,  1898  a,  85-94,  figs.  1-9.— Braun,  1903,  41,  fig.  6;  1906,  39, 
fig.  6;  1908,  44,  fig.  7.— Bruinpt,  1910,  34.— Craig,  1911,  37.— Doflein,  1909, 
516-517,  fig.  457 ;  1911,  586,  fig.  519.— Doflein  &  von  Prowazek,  1903,  925  — 
Gedoelst,  1911,  32,  fig.  32.— Guiart,  1910,  153-154,  257,  fig.  118.— Neveu- 
Lemaire,  1902  a,  6,  9;  1904  a,  6,  11.— Seifert,  1908  a,  485.— Verdun,  1907  a, 
42.— Walker,  1908  a,  423,  446. 

mortinatalium  (Smith  &  Weidman,  1910)  Gedoelst,  1911,  33. 

mucicola  Chatton,  1909,  690-692 ;  1910,  247-262 ;  1910,  267,  270,  272,  274,  275, 
277,  280,  315,  316.— Chatton  &  Lalung-Bonnaire,  1912,  138,  141.— Doflein, 
1911,  573.— Glaeser,  1912,  139. 

muris  Grassi,  1882  a,  181-182.— de  Beaurepaire  Aragao,  1909,  36.— Braun, 

1895  b,  43.— Doflein,  1901  a,  18;  1907,  281;  1909,  496,  497;  1911,  595.— 
Keysselitz,  1908,  259.— Schepotieff,  1910,  496,  498.— Schneidemuehl,  1896  a, 
259.— Stiles  &  Hassall,  1910  b,  115,  121.— Walker,  1908  a,  424,  427.  429, 
431,  433,  434,  435,  446,  pi.  24,  fig.  12.— Wenyon,  1907  i,  170-180,  183.  187, 
1  fig.,  pi.  10,  figs.  1-37.— Werner,  1911,  73. 

musculi  Walker,  1908  a,  429,  441,  447,  pi.  23,  fig.  11. 
nipponica  (Koidzumi,  1909)   Gedoelst,  1911,  33. 

oblonga  Celli  &  Fiocca,  1894  b,  436;  1894  e,  332;  1S95  d,  310.— Behla, 
1898  b,  31.— Blanchard,  1896  b,  656.— Booth,  1908,  341.— Braun.  1903,  38; 

1905,  35.— Casagrandi  &  Barbagallo,  1897,  140,  147;  1897  a,  5S6.— Celli, 

1896  b,  538.— Cramer,  1896  a,  142.— Gedoelst,  1911,  31.— Janowski,  1897  c, 
241.— Manson,  1904,  394 ;  1907,  444.— Moniez,  1896  a,  13,  15.— Phoustanos, 

1906,  68.— Vahlkampf,  1905  a,  202,  203,  204.— Verdun,  1907  a,  29.— 
Wuelker,   1911,   609. 

paedophthora,  Caullery,  1906,  266-269,  figs.  1^.— Chatton,  1909,  690  (pae- 
dophtora)  ;  1910,  248  (poedophtora). — Chatton  &  Lalung-Bonnaire,  1912, 
141  (poedophtora).— Doflein,  1909,  515,  fig.  456;  1911,  585,  fig.  518  — 
Glaeser,  1912,  75. 

parasitica  von  Lendenfeld,  1885  a,  35-38,  pi.  6,  figs.  1-4.— Chatton,  1910, 
247.— Doflein,  1909,  515-516;  1911,  585.— Fiebiger,  1912,  76.— Gedoelst, 
1911,  31.— Grassi,  1888  e,  89.— Kruse,  W.  A.  K.,  1896  a,  699.— Motas,  1906. 
6S2-6S3.— Neveu-Lemaire,  1912,  193.— Railliet,  1S85  a,  150-151;  1893  a, 
118. 

phagocyto'ides   (Gauducheau,  1907)    Gedoelst,  1911,  32. 

pigmentifera  Grassi,  1881,  354. — Casagrandi  &  Barbagallo,  1897,  140. — 
Doflein,  1901  a,  20.— Grassi,  1882  a,  185-187,  pi.  4,  figs.  1,  2,  7,  8,  9,  10, 
11,  12-26,  28-43.— Labbe\  1899  a,  126,  fig.  196.— Pfeiffer,  L.,  188S  c,  660, 
665,  pi.  10,  figs.  12-43.— Schepotieff,  1910,  496.— Schubotz.  1905  b,  4.— 
Stengel,  1S91  b,  223.— Walker,  190S  a,  404. 

pulmonalis  Artault,  1898,  275-277,  299.— Braun,  1903,  39;  1906,  37;  190S, 
43.— Brumpt,  1910,  33.— Craig,  1911,  37.— Doflein,  1911,  595.— Doflein  & 
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von  Prowazek,  1903,  927.— Gedoelst,  1911,  32.— Guiart,  1910,  152.— Neveu- 
Leinaire,  1002  a,  6,  9;  1904  a,  6,  9.— Seifert,  1908  a,  485.— Verdun,  1907  a, 
41-42.— Walker,  1908  a,  423,  447. 

ranae  (Hartinann,  1907)  Walker,  1908  a,  426,  429,  447,  pi.  24,  fig.  16. 

ranarum  Grassi,  1879  n,  446.— de  Bonis,  1882  a,  146.— Dobell,  1909,  245.— 
Doflein,  1901  a,  1S-19.— Grassi,  1882  a,  182-183.— Perroncito,  1882  a, 
86.— Schneider,  K.  C.,  1905  a,  28,  29,  33,  34,  pi.  2,  fig.  7.— Walker,  190S  a, 
424,   447-44S. 

reticularis  Celli  &  Fiocca,  1894  b,  435,  439,  440;  1S94  e,  330,  336,  338.— 
Blanchard,  1896  b,  656.— Booth,  1908,  341.— Borini,  1904,  15.— Braun, 
1903,  3S;  1908,  35.— Casagrandi  &  Barbagallo,  1897,  140,  147,  151.— Celli 
&  Fioccn,  1895  d,  310.— Craig,  1908,  329;  1911,  32.— Doflein  &  von  Prowa- 
zek, 1903,  912.— Gedoelst,  1911,  32.— Janowski,  1897  c,  239,  240,  241.— 
Manson,  1904,  394;  1907,  444.— Moniez,  1896  a,  12,  13,  14.— Phoustanos, 
1906,  68.— Prues,  1905,  27.— Stiles,  3905  e,  295.— Strong,  R.  P.,  1907  a, 
495.— Verdun,  1907  a,  29.— Walker,  1908  a,  430,  431,  448. 

rotatoria  Mayer,  1843  a,  11-12,  pi.  3,  fig.  11.— Braun,  1908,  61.— Castellani 
&  Chalmers.  1910,  270.— Davaine,  1877  a,  xvii.— Dofiein,  1909,  362 ;  1911, 
420.— Franga  &  Athias,  1906,  127,  131,  135,  138,  139,  142,  147.— Lebedeff, 
1910,  404,  430.— Mnnson,  1907,  846.— Musgrave  &  Clegg,  1903  a,  50  (rota- 
tori  urn  p.  20).— von  Siebold,  1850  c,  649.— Ziegler,  1885  c,  346. 

sagittae  Grassi,  18S1,  354.— Doflein,  1901  a,  20.— Labbe,  1899  a,  126.— Porter, 
1909,  40.— Sehepotieff,  1910,  496.— Schubotz,  1905  b,  4.— Walker,  1908  a, 

404   (sagettne). 

sp.  Blanc,  1899  c,  87-89. 

sp.  Chatton,  1910,  348. 

sp.  Kunstler,  1S88  b,  955. 

sp.  Rentsch,  1S60  a,  14,  63-66,  pi.  8,  fig.  7  h,  pi.  15,  fig.  2  u-w. 

sp.  Schneider,  A.  C.  J.,  1875  f,  603,  pi.  22,  figs.  81-84 ;  1876  a,  72,  115,  pi.  22, 
figs.  81-84. 

sp.   Shipley,  1898  d.  11-12. 

sp.  Wenyon,  1907  i,  181-184,  pi.  12,  figs.  25-30,  pi.  10,  figs.  38-41.  51. 

spinosa  Celli  &  Fiocca,  1894  b,  435.  437,  438,  440 ;  1894  e,  330,  333-334,  335, 
338.— Behla,  1898  b,  31.— Blanchard,  1896  b,  656.— Booth,  1908,  341.— 
Borini,  1904,  15.— Braun,  1903,  38;  1908,  35.— Casagrandi  &  Barbagallo, 
1897,  140,  147,  151;  1897  a,  586,  587.— Celli,  1896  b,  538.— Celli  &  Fiocca, 

1895  d,  310.— Craig,  1908,  329;  1911,  32.— Doflein  &  von  Prowazek,  1903, 
912.— Gedoelst,  1911,  32.— Janowski,  1897  c,  239,  240,  241,  242.— Moniez, 

1896  a.  12,  13,  14.— Neveu-Lemaire,  1912,  197.— Phoustanos,  1906,  68.— 
Prues,  1905,  27.— Stiles,  1905  e,  295.— Strong,  L.  W.,  1898  a,  257.— Strong, 
R.  P.,  1907  a,  495.— Tsujitani,  1898  a,  667.— Vahlkampf,  1905  a,  202.  203, 
204.— Verdun,  1907  a,  29.— Walker,  1908  a,  430,  431,  448.— Williams,  1911, 
204    (apinoza).— Wuelker,  1911,  609. 

succinea  Pfeiffer,  L.,  1891  a,  211,  fig.  88  c. 

tetraycna  (Viereck,  1907)  Bertarelli,  1912,  50.— Brumpt,  1910,  31-32.— 
Carini,  1912,  218.— Chagas,  1911,  137.— Garin,  1910,  398.— Gedoelst,  1911, 
33,  fig.  33.— Hartman,  1908,  126  [226].— Huber,  1909,  270.— Kuenen.  1909, 
651.— Williams,  1911,  27<>. 

tropicalis  (Lesage,  1908)  Gedoelst,  1911,  33. 

undulans  Cell!  &  Fiocca,  1894b,  435,  436.— Brumpt,  1910,  142.— Cassagrandi 
<fc  Barbagallo,  1897,  MO. — Celli,  1896  b,  538.— Gedoelst,  1911,  32.— Vahl- 
kampf.  1905  a,  202.— Verdun,  1907  a,  32-33. 
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urogenital  Baelz,  1883  a,  237.— Braun,  1895  b,  44^6;  1903,  31);  1906,  37; 
1908,  43.— Bruinpt,  1910,  33.— Craig,  1911,  37.— Doflein,  1901  a,  80.— 
Doflein  &  von  Prowazek,  1903,  924.— Dunglison,  L893  a,  48. — Futcber,  L903 
d,  481.— Gedoelst,  1911,  31.— Guiart,  1910,  L52,  257.-  -Hickson,  L909,  81.— 
Ijima,  18S9  b,  57.— Kaestaer,  L906,  11.— Kartulis,  L906,  354.— Moniez, 
1896  a,  15-16.— Neveu-Lema  ire,  1902  a,  G,  9;  1904  a,  o.  9.— Poaner,  1893  c, 
675.— Seifent,  1908  a,  485.— Stengel,  1892  a,  291. — Stiles.  1905  e,  296.— 
Tanaka,  1903,  5.— Verdun,  1907  a,  41.— Walker,  1908  a,  423,  448. 

vaginalis  Blanchard,  1885  g,  15.— Brumpt,  1910,  33.— Guiart,  1910,  152.— 
Moniez,  1896  a,  15.— Raillict,  1893  a,  118.— Spalikowflki,  1897  a,  L056.— 
Stiles,  1905  e,  296.— Verdun,  1907  a,  41. 

vermicularis  Celli  &  Fiocca,  1894  b,  435,  438,  440;  1S94  e,  331,  335-336,  338; 
1895  d,  310.— Blanchard,  1896  b,  656.— Booth,  1908,  341.— Borini,  1904, 
15.— Braun,  1903,  38;  1908,  35.— Casagrandi  &  Barbagallo,  1897,  140,  147, 
151.— Celli,  1896  b,  538.— Craig,  1908,  329;  1911,  32.— Doflein  &  von  Pro- 
wazek,  1903,  912.— Gedoelst,  1911,  32.— Janowski,  1897  c,  239,  242.— 
Manson,  1904,  394;  1907,  444.— Moniez,  1896  a,  13,  14— Phoustanos,  1900, 
68.— Prues,  1905,  27.— Stiles,  1905  e,  295.— Strong,  II.  P.,  1907  a,  495.— 
Vahlkampf,  1905  a,  202.— Verdun,  1907  a,  29.— Walker,  1908  a,  430,  431, 
448. 

viridis  Wuelker,  1911,  609. 

vulgaris  Boos,  1894  c,  391,  405.— Artault,  1898,  275,  276.— Casagrandi  & 
Barbagallo,  1897  a,  579.— Cramer,  1896  a,  143.— Flexner,  1907,  532 ;  1909, 
532.— Glaeser,  1912,  31.— Gross,  1903,  432,  435,  436,  437,  438,  445.— Janow- 
ski, 1897  c,  194,  234.— Ruge,  1906  b,  3,  11.— Shiga,  1898,  819. 
Endamoeba  Leidy,  1879  k,  205 ;  1904  a,  150 ;  1905  a,  156.— Chatton,  1912,  111.— 
Hickson,  1909,  82. 

blattae  (Buetschli,  1878)  Leidy,  1879  a,  300;  1879  k,  205;  1904  a,  156-157; 
1905  a,  156-157. 
•      coli  (Loesch,  1875)  Hickson,  1909,  82.— Schubotz,  1905  b,  34. 

histolytica  (Schaudinn,  1903)  Hickson,  1909,  82,  83.— Schubotz,  1905  b,  34 
(hystolitica). 

miurai  (Ijima,  1898)  Hickson,  1909,  83  (iurai). 

undulans  Hickson,  1909,  83. 
Entamoeba    Casagrandi   &  Barbagallo,  1897,   163.— Alexeieff,   1912,  70.— Braun, 

1908,  35.— Buchanan,  R.  E.,  1911,  416.— Calkins,  1909,  295.— Castellan!  & 
Chalmers,  1910,  214.— Chatton,  1912,  110,  111,  114.— Craig,  1911,  20,  26.  29, 
33,  34,  35,  36,  37.— Crawley,  1912,  484.— Doflein,  1909,  156,  221,  491-509.— 
Gauducheau,  1909,  251.— Guiart,  1910,  141.— von  Prowazek,  1911,  345-350 ; 
1912,  273-274.— Schaudinn,  1903  a,  547-576.— Sluiter  &  Swellengrebel, 
1912,  20-27,  164.— Verdun,  1907  a,  29.— Walker,  1908  a,  440. 

africana  Hartmann  in  Hartmann  &  von  Prowazek,  1907,  312,  320,  fig.  6. — 
Buchanan,  R.  E.,  1911,  422.— Castellani  &  Chalmers,  1910,  221.— Chatton, 
1910,  284.— Craig,  1911,  180;  1911,  363;  1912,  2.— Dobell,  1909,  254.— Dock, 

1909,  85.— Doflein,  1909,  21,  495,  fig.  17;  1911,  577.— Elmassian,  1909, 
335.— Fantham,  1911,  114.— Hartmann,  1908,  117-127  [217-227]  ;  1909, 
209;  1911  51.— Koidzumi,  1909,  650.— Walker,  1911,  262.— Werner,  1909, 
241.— Whitmore,  1912.  516. 

apis  Fantham  &  Porter,  1911,  626 ;  1912,  138. 

aulastomi  Noeller,  1912,  195-199,  pi.  19,  figs.  1-22. 

blattae  (Buetschli,  1878).— Alexeieff,  1912,  69,  70,  71 :  1912,  156;  1912,  105  — 

Castellani  &  Chalmers,  1910,  215.— Chatton,  1910,  283.  289,  290  fig.  5  za-ze; 

1912,  110-111.— Dobell,  1909,  246.— Doflein,  1909,  499;  1911,  598,  599,  fig. 
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529.— Glaeser,  1912,  30,  113,  114.— Hartmann,  1909,  219 ;  1910,  4,  5,  7,  8,  9 ; 
1911,  16.— Hartmann  &  Chagas,  1910,  164.— Hartmann  &  Whitmore,  1912, 
192.— Hickson,  1909,  83,  fig.  17.— von  Janicki,  1909,  381-393,  figs.  l-7b.-^ 
Mercier,  1910,  143-175,  figs.  1-6,  pis.  10-12,  figs.  1-63.— Popoff,  1911,  210.— 
Wuelker,  1911,  594. 

Mattarum  Casagrandi  &  Barbagallo,  1897,  163.— Hartmann,  1911,  58;  1912, 
180. 

bovis  (Liebetanz,  1905).— Doflein,  1909,  499;  1911,  598— Fiebiger,  1912,  76. 

Mccalis  (Steinberg,  1862).— Braun,  1908,  41,  fig.  41.— Braun  &  Luehe,  1909, 
17,  fig.  1 ;  1910,  18,  21,  fig.  1.— Castellani  &  Cbalmers,  1910,  214-215,  222, 
232,  925.— Chatton,  1910,  247;  1910,  268,  284,  285,  304,  315,  fig.  5  g-k.— 
Craig,  1911,  10,  36,  230-232,  235,  fig.  30.— Daniels  &  Wilkinson,  1909,  221.— 
Doflein,  1907,  278 ;  1909,  506,  507,  figs.  448,  449 ;  1911,  594,  figs.  523,  524.— 
Erdmann,  1910,  335.— Froscb,  1909,  191.— Glaeser,  1912,  30,  90,  104  — 
Guiart,  1910,  138.— Hartmann,  1909,  209 ;  1910,  8,  9.— Hartmann  &  Chagas, 
1910,  112.— Hartmann  &  von  Prowazek,  1907,  313,  316,  fig.  5.— von  Janicki, 
1909,  392.— Kartulis,  1906,  354.— Keysselitz,  1908,  345.— Kisskalt  &  Hart- 
mann, 1907,  105,  107,  113;  1910,  16,  21-23,  27,  29,  figs.  4,  5.— Koidzumi, 

1909,  653.— Levander,  1908,  49-50.— von  Leyden  &  Loewentbal,  1905  a, 
3-11,  pi.  1,  figs.  1-12.— Loewentbal  &  von  Rutkowski,  1907,  393.— Mercier, 

1910,  147.— Naegler,  1909,  26,  45.— Perroncito,  1882  a,  86.— Popoff,  1911, 
210,  216.— von  Prowazek,  1904  1,  42-44 ;  1910,  149.— Seifert,  1908  a,  485.— 
Sistrunk,  1911,  1508.— Sluiter  &  Swellengrebel,  1912,  26.— Smith  &  Weid- 
man,  1910,  295,  297.— Stitt,  1909,  173,  176 ;  1910,  190,  193.— Tietze,  1905  a, 
304.— Verdun,  1907  a,  41.— Walker,  1908  a,  423,  448-449. 

luetschlii  von  Prowazek,  1912,  243,  245-246. 

cochincJiinensis  Sluiter  &  Swellengrebel,  1912,  23,  24,  fig.  5. 

coli  (Loesch,  1875).— Albu,  1905,  436.— Alexeieff,  1912,  105.— Allan,  1909, 
1212;  1911,  87.— Ashburn  &  Craig,  1907,  41,  42,  43,  140,  141,  222,  223, 
224,  225,  347,  348.— Awerinzew,  1909,  107.— Barbagallo,  1905,  73,  74,  75; 
1905,  282.— Bates,  1909,  56.— Bertarelli,  1905,  196;  1905,  398;  1912,  49, 
51.— Billet,   1907,   1233;   1907,  215.— Booth,  1908,   341,   342,   343.— Braun, 

1908,  36.— Braun  &  Luehe,  1909,  17,  18,  19,  20,  27,  fig.  2;  1910,  18,  19, 
21.— Brem  &  Zeiler,  1910,  678.— Broi'do,  1903,  827,  828,  829.— Brown, 
W.  C,  1912,  222,  223,  225,  fig.  2.— Buchanan,  It.  E.,  1911,  416,  418, 
fig.  186.— Calkins,  1904,  14;    1907,  366;    1907,  225,  226;    1908,  423,  426; 

1909,  116.— Castellani,  1904,  507.— Castellani  &  Chalmers,  1910,  206,  214- 
216,  231,  346,  925,  976.— Chapin,  1910,  88.— Chatton,  1910,  248,  261 ;  1910, 
282,  288,  306,  311;  1912,  111.— Chatton  &  Brodsky,  1909,  12.— Chat- 
ton &  Lalung-Bonnaire,  1912,  139,  142.— Craig,  1904,  299 ;  1904,  185 ;  1905, 
244,  245,  246,  247;  1905,  854-861,  897-903,  936-942;  1906,  214,  219,  220; 
1908,  324-374;  1910,  1,  5,  10;  1911,  8,  14,  18,  22,  24,  25,  32,  34,  35,  36,  43, 
51,  60,  61,  73-113,  115,  117,  118,  120,  121,  122,  123,  124,  127,  128,  130,  132, 
133,  134,  141,  143,  164,  166,  178,  180,  181,  182,  183,  186,  193,  194,  195,  196, 
197,  198,  199,  202,  206,  212,  213,  217,  221,  228,  231,  figs.  1-8 ;  1911,  362,  363, 
364,  365,  366;  1912,  1,  2,  3,  4,  5,  7-13,  15,  16,  19,  24,  30,  31,  32,  pi.  1;  1912, 
3,  4,  6,  11,  12,  14.— Deeks  &  Shaw,  1911,  2,  3.— Dobell,  1908,  432;  1909, 
246,  247,  253;  1909,  285,  286,  288.— Dock,  1909,  84.— Doflein,  1907,  270,  279, 
280,  281 ;  1909,  148,  184,  193,  485,  491,  492,  493,  519,  853,  figs.  430,  433 ; 

1911,  208,  586,  fig.  213.— Doflein  &  von  Prowazek,  1903,  912,  916,  920-921, 
figs.  33,  34,  35.— Elmassian,  1909,  335,  336,  339,  340,  343,  346,  347,  348  — 
Fantham,  1910,  703;  1911,  111-121.— Fiebiger,  1912,  74,  fig.  13.— Flexner, 
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1907,  535;  1909,  535.— Frosch,  1909,  191.— Gauducheau,  1907,  486.— Greig 
&  Wells,  1911,  7,  14,  29.— Guiart,  1910,  142.— Hartmann,  1907,  141,  143, 
144,  fig.  A  1 ;  Hartmann  in  Hartmann  &  Naegler,  1908, 113 ;  Hartmann,  1908, 
117,  118,  122,  124  [217,  218,  222,  224]  ;  1909,  208,  209,  211,  213;  1909,  502; 

1910,  8,  9;  1911,  50,  51,  52,  53,  54,  55,  58,  59;  1912,  KM.  L65,  107.  L88,  171, 
173,  176,  178,  179,  180.— Hartmann  &  von  Prowazek,  1907,  312.— Hart- 
mann &  Whitmore,  1912,  182-192,  figs.  A-B,  pis.  17-18,  figs.  1-29.— Her- 
rick,  1910,  664.— Holt,  1908,  2143;  1909,  49.— von  Janicki,  1908,  149,  150, 
151.— Juergens,  1907,  771,  777,  779.— Kaestner,  1906,  11.— Kartulis,  1906, 
354.— Keysselitz,  1908,  259.— Kiewiet  de  Jonge,  1904  a,  79,  80,  81.— King, 

1911,  183,  185,  186.— Kisskalt  &  Hartmann,  1907,  105,  108,  109,  112,  fig. 
4;  1910,  16,  23-26,  27,  29,  figs.  6-7.— Koidzumi,  1909,  650,  651,  652.— 
Kuenen,  1909,  549,  550,  552,  563,  564.— Kuscbakewitsch,  1907,  236.— Leger 
&  Duboscq,  1904  f,  345.— Lebmann,  1912,  591.— Lesage,  1904  a,  1237,  1238, 
1239;  1905  a,  9,  10,  11,  13,  14,  16;  1907,  1157-1159;  1908,  104-105,  107, 
108,  110,  111,  figs.  1-6.— Liston,  1911,  107.— Loewentbal,  1903,  268.— 
Luebe,  1909,  421,  423.— McCarrison,  1909,  733,  734.— Manson,  1907,  437, 
440.— Matbis  &  Leger,  1911,  208.— Menetrier  &  Touraine,  1908,  909.— 
Mercier,  1908,  942 ;  1910,  144,  164.— Metcalf,  1910,  310,  315.— Meyer,  1906, 
1327.— Motas,  1906,  682.— Musgrave  &  Clegg,  1906,  911,  915,  916,  917,  922, 
929,   935,   938,  939,  941,   946,   947.— Naegler,   1909,   30,   32.— Neresbeimer, 

1908,  49.— Noc,  1909,  180,  189,  190,  194,  201,  pi.  11,  fig.  13.— Noeller,  1912, 
196,   198,    199.— Popoff,    1911,    210,    211.— von    Prowazek   1904    1,    42,   43; 

1911,  345,  347,  348,  349;  1912,  30;  1912,  273;  1912,  242,  243,  244,  245.— 
PruSs,  1905,  30,  43,  45.— Huge,  1906  b,  4,  5,  11,  13,  fig.  5.— Scbaudinn, 
1903  a,  564,  565-570,  571,  572,  573,  574,  575.— Scbepotieff,  1910,  496,  498.— 
Scbubotz,  1905  b,  5,  6,  23.— Simon,  C.  E.,  1907,  289;  1911,  215.— Simon, 
S.  K.,  1909,  1528.— Sistrunk,  1911,  1507,  1509.— Sluiter  &  Swellengrebel, 

1912,  20,  21,  22,  23,  27,  164,  fig.  3.— Smitb,  A.  J.,  &  Weidman,  1910,  295, 
296.— Smitb,  Tbeo.,  1910,  430.— Stiles,  1905  e,  296,  29S,  299-301,  302; 
1907  e,  525 ;  1911,  1276 ;  1911,  1348.— Stitt,  1910,  190,  191.— Strong,  R.  P., 
1907  a,  496,  498,  499,  500,  519.— Tanaka,  1910,  2300.— Tbornburgh,  1908, 
55,  56.— Vablkampf,  1905  a,  168,  210.— Vedder,  1906  a,  870-872;  1907  a, 
190-195;  1911,  51.— Verdun,  1904  f,  388;  1907  a,  29.— Viereck,  1906  e, 
1064,  1066 ;  1907  c,  9,  14,  28,  29,  30,  31,  32,  figs.  1-3,  4.— Volbracbt,  1904  b, 
163.— Walker,  1908  a,  381,  383,  404,  405,  413,  422  431,  433,  439,  440,  449 ; 
1911,  260-261,  262,  263,  264,  269,  273,  274,  275,  276,  pi.  4,  figs.  9,  11.— 
Wallace,  1912,  689,  690,  691.— von  Wasielewski,  1911,  122.— Wenyon, 
1907  i,  171,  172,  173,  174,  178,  180 ;  1908  b,  128,  129,  130.  fig.  35 ;  1908  k, 
1245.— Werner,  1908  e,  425,  430  (7,  12)  ;  1909,  241,  244.— Wbitmore.  1911, 
71,  72,  75,  76,  77,  78,  fig.  2;  1911,  85,  93;  1911,  235;  1912,  515,  516,  517, 
518,  519.— Williams,  1911,  56-58 ;  1911,  274,  277,  279.— Williams  &  Gurley, 
1910,  239,  246.— Wuelker,  1911,  594,  595,  596,  597,  610.— Young,   W.  B., 

1910,  586. 

coli  var.  nipponica  Walker,  1911,  279,  pi.  4,  fig.  10. 

dentalis    (Braun,   1883).— Castellani   &   Cbalmers,   1910,   214,   925.— Craig, 

1911,  232.— Froscb,  1909,  191,  194.— Sluiter  &  Swellengrebel,  1912,  26. 
dysenteriw  (Councilman  &  Lafleur,  1891). — Alexeieff,  1912,  105. — Asbburn  & 

Craig,  1907,  41,  42,  43,  140,  222,  223,  224,  225,  347.— Craig,  1905,  245-298, 
figs.  1-4,  pi.  1,  figs.  1-12;  1905,  854-861,  897-903,  936-942;  1006,  214, 
219.— Doflein,  1911,  580,  58S—  Gauducbeau,  1907,  487.— Holt,  1908,  2143; 

1909,  49.— Lebmann,   1912,  591.— Musgrave  &  Clegg,  1906,  935.— Simon, 
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C.  E.,  1907,  286;  1911,  213.— Vedder,  1906  a,  870,  872;  1907  a,  190-195; 
1911,  51. 

dysenterica  (Pfeiffer,  1888).— Thornburgh,  1908,  55,  56. 

gingicalis   (Braun,  1895).— Castellani  &  Chalmers,  1910,  214,  925.— Craig, 
1911,  232.— Sluiter  &  Swellengrebel,  1912,  26. 

1i artni an ni  von  Prowazek,  1912,  243-245. 

histolytica  Scbaudinn,  1903  a,  564,  570-576.— Acbard,  1911,  179.— Albu,  1905, 
436.— Albu  &  Werzberg,  1912,  396.— Allan,  1909,  145  (bistolitica)  ;  1909, 
1212,  1213;  1910,  63;  1910,  1092;  1910,  181-183;  1911,  87.— Anderson, 
1908,  1243,  1244.— Asbburn  &  Craig,  1907,  347,  348.— Balfour,  1911,  367; 
Barbagallo,  1905,  73-75;  1905,  282;  1905,  145,  146;  1906,  380,  381  — 
Basseres,  1911,  256.— Bates,  1909,  56.— Bertarelli,  1905,  196,  197,  198 
(bystolitica)  ;  1905,  398,  399;  1912,  49,  50  (bystolitica).— Billet  1905. 
874-S76;  1907,  1233;  1907,  215,  216,  217.— Blackbam,  1908,  77.— Booth, 
190S,  341,  342,  343  (bistolitica).— Bra u,  1908,  512,  513.— Braun,  1908, 
37.— Braun  &  Luehe,  1909,  20;  1910,  21,  22.— Brem  &  Zeiler,  1910,  675, 
677,  678,  679,  680,  682,  683.— Brown,  W.  C,  1912,  221,  222,  223,  224. 
225,  fig.  1.— Brumpt,  1910,  20.— Buchanan,  R.  E.,  1911,  416,  419,  420, 
fig.  187.— Calkins,  1904,  14;  1907,  366.— Castellani,  1904,  507,  508  (bis- 
tolitica )  ;  1905,  67,  69.— Castellani  &  Chalmers,  1910,  11,  205-206,  214- 
215,  217,  232,  669,  925,  976,  982,  1012,  1015-1016.— Chamberlain  &  Vedder, 

1911,  384.— Chantemesse  &  Rodriguez,  1909,  31  ( hystoly tica ) .— Chapin, 
1910,  88.— Cbatton,  1910,  284,  288,  306,  fig.  5  a-f.— Chatton  &  Lalung- 
Bonnaire,  1912,  139.— Chlapowski,  1909,  86,  87,  326.— Cooke,  1910,  598; 
1910,  325.— Craig,  1904,  299;   1904,  185,  186;   1905,  244,  245;  1905,  855; 

1908,  324-374;  1910,  1,  5,  10;  1911,  2,  6,  9,  14,  17,  19,  22,  23,  24,  25, 
34,  35,  36,  43,  51,  59,  60,  61,  63,  73,  77,  78,  81,  84,  87,  88,  89,  90,  92, 
93,  97,  99,  110,  114-179,  180,  181,  183,  184,  185,  186,  187,  189,  190,  191, 
192,  193,  194,  195,  196,  197,  19S,  199,  200,  202,  205,  207,  209,  212,  213,  215, 
217,  221,  227,  228,  231,  233,  235,  figs.  9-21 ;  1911,  362,  363,  364,  365,  366 ; 

1912,  1,  2,  4,  5,  13-20,  21,  23,  24,  25,  30,  32,  pi.  2 ;  1912,  3,  4,  11,  12,  13.— 
Daniels  &  Stanton,  1907,  354.— Daniels  &  Wilkinson,  1909,  221.— Deeks  & 
Shaw,  1911,  2,  3,  4,  5,  7,  11,  22.— Dobel,  1909,  285.— Dock,  1909,  84.— 
Doflein,  1909,  126,  500,  501,  502,  503,  519,  520,  521,  figs.  440,  441,  442,  443, 
444,  445,  446;  1911,  137.— Doflein  &  von  Prowazek,  1903,  921-922,  fig.  38 
(bystolytica).— Dopter,  1905,  417;  1910,  124,  126.— Elmassian,  1909,  336, 
339,  340,  348.— Fantham,  1910,  703;  1911,  113,  116,  117,  US.— Fiebiger, 
1912,  75,  fig.  15.— Flexner,  1907,  535;  1909,  535.— Gauducbeau,  1907,  486, 
487.— Glaeser,  1912,  113.— Greig  &  Wells,  1911,  7,  14,  18,  19,  29.— Guiart, 
1910,  142,  143.— Hartmann,  1907,  144:  1908,  118,  125,  126  [218,  225,  226]  ; 

1909,  207-220,  pi.  13,  figs.  1-25;  1909,  502;  1910,  7,  8,  9 ;  1911,  50,  51,  52, 
53,  54,  55,  56,  58-64,  figs.  27-36;  1912,  163,  164,  166,  167,  171,  174,  178.— 
Hartmann  &  Chagas,  1910,  164.— Herrick,  W.  W.,  1910,  664,  665.— Hoppe- 
Sf-yler,  1904  a,  647.— Hoyt,  1908,  26;  1908,  417.— Huber,  1909,  265.— 
von  Janicki,  1909,  386,  392  (bystolitica).— Jelks,  1910,  128-131;  1910, 
202-205;  1910,  94-97  (bystolitica).— Juergens,  1903,  841;  1907,  771-781, 
782,  784,  787,  789,  797,  801,  815.— Kaestner,  1906,  11.— Kartulis,  1906,  354, 
356-382,  figs,  a-1.— Kiewiet  de  Jonge,  1904  a,  79,  81,  89,  91.— King,  1911, 
L83,  184,  185,  186,  187.— Kisskalt  &  Hartmann,  1907,  112,  figs.  5,  6;  1910, 
27,  2'.).  fi^s.  12,  13.— Koidzumi,  1909,  650,  651.— Kuenen,  1909,  549,  550, 
551,  563  (hystolitica).— Leishman,  1906,  610.— Lesage,  1904  a,  1237,  1239; 
1905  a,  11,  16;  1908,  110,  figs.  12-16;  1908,  585.— Liston,  1911,  108,  117.— 
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Loewenthal,  1903,  2G7.— Luehe,  190G,  73;  1909,  421.— McCarriecm,  1909, 

735,  736.— Manson,  1907,  437,  440,  444.— Marshall,  I).  G.,  1912,  lux,  109— 
Martin,  C.  F.,  1911,  645;  1911,  126.— Mathis  &  Leger,  1911,  208.— Max- 
well, J.  P.,  1909,  248.— Menetrier  ft  Tauraine,  1008,  909— Mercler,  1910, 

144.  147.— Messineo,  1911,  242  (hystolitica  ) .— Metcalf,  1910,  315  Meyer, 
1906,  1327,  1328.— Minchin,  1907,  17,  18;  1909,  17,  18.— Musgrave  ft  Olegg, 
1906,  911,  915,  916,  917,  922,  929,  935,  938,  939,  941.  946,  947.— Noc, 
1909,  178,  179,  ISO,  185,  186,  188,  L89,  190,  191,  202.— de  Oliveira,  1904  b, 
331;   1905,  200.— Popoflf,   1911,   210,  211.— von  Prowazek,  1904   1,  43,  44; 

1911,  346;  1912,  30;  1912,  273;  1912,  242,  246.— Rosenberger,  1911,  30.— 
Ruge,  1903  q,  571;  1906  b,  4,  5,  6,  figs.  2,  3.— Saundby  &  Miller,  1909, 
771-773.— Schepotieff,  1910,  495,  497,  498.— Scbubotz,  1905  b,  5.  6,  17 
(hystolitica).— Simon,  C.  E.,  1907,  286;  1911,  213.— Simon,  S.  K.,  1909, 
1528;    1910,    194.— Sistrunk,   1911,   1507,   1509.— Sluiter  &    Swellengrebel, 

1912,  22,  23,  24,  25,  26,  27,  164,  figs.  8  a-b,  9.— Smith,  A.  J.,  1911,  31.— 
Smith,  A.  J.,  &  Weidman,  1910,  295,  296,  297.— Stiles,  1905  e,  297,  298, 
301-303;  1907  e,  525,  526;  1911,  1276;  1911,  1348.— Stitt,  1910,  190,  193, 
303.— Strong,  R.  P.,  1907  a,  497,  500.— Tanaka,  1910,  2300  ( histologics ).— 
Tayler- Jones,  1904,  13,  14.— Vedder,  1907  a,  190,  191,  192.— Verdun,  1905  a, 
58;  1907  a>  30  (bystolitica).— Viereck,  1906  e,  1064,  1066;  1907  c,  9,  12, 
13,  14,  19,  28,  29,  33.— Vincent,  1908,  914;  1909  a,  78,  79.— Vollbracbt, 
1904  b,  163,  164.— Walker,  1908  a,  381,  383,  404,  406,  413,  423,  431,  433, 
435,  439,  440,  449;  1911,  260,  261,  262,  263,  264,  271,  273,  274,  275,  276, 
pi.  4,  fig.  12,  pi.  5,  figs.  14,  15,  16.— Wallace,  1912,  689,  691,  692.— Wells, 

1911,  205,  206,  207.— Wenyon,  1908  b,  128,  129;  1908  k,  1245.— Werner, 
1908  e,  425,  430  (7,  12),  figs.  16-35;  1909,  588;  1909,  241,  242,  243,  244, 
figs.  16-35;  1911,  75.— White,  1911,  112  (histolitica).— Whitmore,  1911,  71, 
72,  73,  75,  76,  79;  1911,  235;  1912,  515,  516,  517.— Williams,  1911,  267,  268, 
274,  275,  277,  278.— Williams  &  Gurley,  1910,  240,  241.— Wuelker,  1911, 
585,  594,  597,  609.— Young,  W.  B„  1910,  586  (hystolytica). 

histolytica  dysenterke  Hara,  1910,  340,  367. 

histolytica  var.  tetfaffina  Walker,  1911,  279,  pi.  5,  fig.  13. 

hominis  Casagrandi  &  Barbagallo,  1897,  163— Albu,  1905,  435.— Barbagallo, 
1905,  73-75;  1905,  282;  1905,  145,  146;  1906,  380,  381.— Castellani  & 
Chalmers,  1910,  220.— Fantham,  1911,  113,  116,  118.— Guiart,  1910,  142.— 
Kuenen,  1909,  549,  550,  551,  564.— Prues,  1905,  30.— Schaudinn,  1903  a, 
564.— Stiles,  1905  e,  296.— Verdun,  1904  f,  388;  1907  a,  29.— Viereck,  1907  c, 
29.— Walker,  1908  a,  432,  440,  449.— Werner,  1911,  67. 

intcstinalis  (Walker,  1908).— Doflein,  1909,  508;  1911,  585.— Fiebiger,  1912, 
76.— Smith,  A.  J..  &  Weidman,  1910,  296. 

kartuUsi  (Doflein,  1901).— Castellani  &  Chalmers,  1910,  214.— Craig,  1911, 
36,*  234,   235.— Doflein,   1909,   506;   1911,   593.— Sluiter   &    Swellengrebel, 

1912,  26.— Smith.  A.  J.,  &  Weidman,  1910,  295,  297. 
loeschi  Lesage,  190S,  105;  1908,  584,  585. 
ma.viUaris  Kartulis,  1906,  356. 

meleagridis  (Smith,  1895).— Doflein,  1909,  508;  1911,  585.— Fiebiger,  1912, 
76.— Smith,  A.  J.,  &  Weidman,  1910,  296. 

minuta  Elmassian,  1909,  335-351,  figs.  1-53.— Chatton,  1910,  287,  288,  fig. 
5  n-p.— Chatton  &  Lalung-Bonnaire,  1912,  139.— Craig,  1911,  10,  36,  73. 
200-207,  fig.  27;  1912,  3;  1912,  4.— Doflein,  1911,  577.— Fantham,  1911, 
115,  116,  118.— Glaeser,  1912,  103.— Hartmann,  1911,  51;  1912,  176.— 
Hartmann   &   Whitmore,   1912,   187.— Liston,   1911,   108.— von   Prowazek, 
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1912,  244.— Sluiter  &  Swellengrebel,  1912,  23.— Walker,  1911,  262,  271  — 
Wuelker,  1911,  597. 

miurai  (Ijirna,  1898).— Castellani  &  Chalmers,  1910,  214.— Craig,  1911,  234- 
235.— Sluiter  &  Swellengrebel,  1912,  27. 

mortinataUum  Smith,  A.  J.,  &  Weidman,  1910,  285-298,  figs.  1-19;  1910, 
359-360  ( mortinatalitum ) . 

morula  Raff,  1912,  346-351,  figs.  1,  2,  pi.  71,  figs.  1-9. 

muris  (Grassi,  1882 ) .— Alexeieff,  1912,  65.— Braun  &  Luehe,  1909,  19;  1910, 
20,  22.— Calkins,  1908,  423,  424;  1909,  141,  142,  fig.  59.— Castellani  & 
Chalmers,  1910,  215.— Chatton,  1910,  284,  287,  288,  325,  fig.  5  v-y.— Chatton 
&  Lalung-Bonnaire,  1912,  142.— Craig,  1912,  4.— Dobell,  1908,  432;  1909, 
246,  253,  259.— Doflein,  1907,  269,  279 ;  1909,  496-497 ;  fig.  436 ;  1911,  595, 
figs.  525,  526.— Glaeser,  1912,  30,  74,  90,  104,  113,  118.— Hartmann,  1907, 
143;  Hartmann  in  Hartmann  &  Naegler,  1908,  113;  Hartmann,  1908, 
122  [222]  ;  1909,  209 ;  1910,  8,  9.— Hartmann  &  Chagas,  1910,  164.— Hart- 
mann &  Whitmore,  1912,  186,  189.— Kisskalt  &  Hartmann,  1910,  26,  fig. 
8.— Luehe,  1909,  421.— McCarrison,  1909,  732,  733,  731.— Mercier,  1910, 
167.— Naegler,   1909,   5.— Popoff,   1911,   210.— Smith,  A.   J.,   &  Weidman, 

1910,  296.— Walker,  1911,  268.— Whitmore,  1912,  517.— Wuelker,  1911,  594. 
nipponensis  Doflein,  1911,  579. 

nipponica  Koidzumi,  1909,  650-654,  figs.  1-7. — Alexeieff, J 1912,  105. — Bu- 
chanan, R.  E.,  1911,  416.— Craig,  1911,  10,  36,  73,  207-212 ;  1912,  3 ;  1912, 
4.— Fantham,  1911,  115,  116,  118.— Greig  &  Wells,  1911,  8.— Hara,  1910, 
340  (nipponika).— Hartmann,  1911,  51,  55,  57;  1912,  165,  175.— Sluiter  & 
Swellengrebel,  1912,  23.— Walker,  1911,  262,  269,  275.— Whitmore,  1911, 
75,  76 ;  1912,  517.— Wuelker,  1911,  597. 

nuttalli  Castellani,  1908,  101-102,  pi.  8.— Chatton,  1912,  180  (nuttali).— 
Craig,  1912,  4  (nutalli).— Walker,  1911,  268  (nutalli). 

ondulans  Billet,  1907,  217. 

paedophthora  (Caullery,  1906). — Castellani  &  Chalmers,  1910,  215. 

phagocytoides  Guaducheau,  1907,  486-487,  figs.  1-4;  1908,  493-494.— Castel- 
lani &  Chalmers,  1910,  222,  232,  925,  976.— Craig,  1911,  36,  73,  213-214.— 
Fantham,  1911,  114-115,  116,  119.— Gauducheau,  1911,  172-173.— Walker, 

1911,  263. 

pitheci  von  Prowazek,  1912,  246-247. 

polecJci  von  Prowazek,  1912,  274,  figs.  1-6. — Craig,  1912,  4. — von  Prowazek, 

1912,  30;  1912,  244. 

!>ulmonalis    (Artault,    1898).— Castellani    &    Chalmers,    1910,    214.— Craig, 

1911,  235.— Sluiter  &  Swellengrebel,  1912,  26. 
ranae  Hartmann,  1907,  143.— Dobell,  1909,  245. 

ranarum  (Grassi,  1879). — Alexeieff,  1912,  65. — Braun  &  Luehe,  1909,  19; 
1910,  20.— Castellani  &  Chalmers,  1910,  215  (ranorum).— Chatton,  1910, 
251;  1910,  283,  287,  288,  321,  figs.  5  q-u,  6.— Chatton  &  Lalung-Bonnaire, 

1912,  142.— Craig,  1912,  4.— Dobell,  1908,  431,  432;  1909,  245-255,  257,  pi. 
4,  figs.  52-79 ;  1909,  711-721,  figs.  A-E.— Doflein,  1909,  497,  498,  figs.  437, 
438;  1911,  596,  597,  figs.  527,  528.— Erdmann,  1910,  341.— Glaeser,  1912, 
30,  74,  104,  113,  114,  118.— Hartmann  in  Hartmann  &  Naegler,  1908,  113 ; 
Hartmann,  1908,  122  [222]  ;  1909,  209;  1910,  8,  9;  1912,  180.— Hartmann 
&  Chagas,  1910,  164.— Hartmann  &  Whitmore,  1912,  185.— Mercier,  1910, 
144,  158.— Popoff,  1911,  210.— Walker,  1911,  268.— Whitmore,  1912,  516. 

schaudinni  Lesage,  1908,  105,  108,  109 ;  1908,  584,  585,  586. 
sp.  Fantham,  1911,  11&-114. 
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testudinis  Hartmann,  1909,  209;  1910,  3-9,  pi.  1,  figs.  1-9.— Alexeieff,  1912, 
66;  1912,  97,  104-105.— Chatton,  1912,  111.— Craig,  1912,  4.— Doflein, 
1911,  598.— Glaeser,  1912,  113.— Hartmann,  1911,  16,  fig.  4.— Hartmann  & 
Cbagas,   1910,   102,   105;   1910,   165.— von  Prowazek,   1911,   346.— Walker, 

1911,  268. 

tetragcna  Viereck,  1907  c,  32.— Alexeieff,  1912,  105.— Ascoli,  1912,  393-394.— 
Bertarelli,  1912,  49,  50.— Braun  &  Luehe,  1909,  20;  1910,  21.— Brown, 
W.  C,  1912,  223,  224,  225,  figs.  3  A;  3  B.— Bruinpt.  1910,  31.— Buchanan, 
R.  E.,  1911,  416,  422.— Castellani  &  Chalmers,  1910,  214-215,  221,  232, 
925,  976-977,  982.— Chatton,  1910,  260,  261;  1910,  268,  284,  286,  287, 
288,    289,   304,   310,   321,   322,    fig.   5   1-m.— Chatton   &    Lalung-Bonnaire, 

1912,  139,  142.— Chlapowski,  1909,  87.— Craig,  1910,  5,  10;   1911,  6,  10, 

24,  25,  36,  60,  73,  89,  99,  143,  162,  163,  179,  179-200,  202,  205,  207,  208, 
209,  212,  217,  221,  228,  231,  233,  figs.  22-25;  1911,  362-366;  1912,  1,  4, 
10,  15,  19,  20-25,  27,  80,  32,  33,  pi.  2;  1912,  3,  4,  6,  11,  12,  13,  14.— Dobell, 
1909,  254;  1909,  314,  fig.  24.— Dock,  1909,  85.— Doflein,  1909,  495,  496, 
figs.  434,  435;  1911,  22,  fig.  19.— Dopter,  1910,  126.— Elmassian,  1909, 
335,  336,  337,  338,  340,  342,  343,  346.— Fantham,  1911,  114,  116,  117, 
118,  119.— Fiebiger,  1912,  75,  fig.  14.— Franchini,  1911,  189-195,  1  fig., 
1  pi.,  figs.  1-2.— Gabbi,  1911,  136-138;  1911,  203;  1912,  587-58S.— Glaeser, 
1912,  98,  112,  113.— Hartmann  in  Hartmann  &  Naegler,  1908,  113;  Hart- 
mann, 1908,  117-127  [217-227],  figs.  1,  2;  1909,  209,  210,  211,  212,  213, 
216,  217,  218;  1910,  4,  5,  7,  8,  9 ;  1911,  6,  8,  15;  1911,  51,  52-58,  59,  61,  62, 
63,  figs.  1-26,  pi.  1,  figs.  1-6;  1912,  163-181,  figs.  A-D,  pis.  15,  16,  figs. 
1-46.— Hartmann  &  Cbagas,  1910,  86,  101,  112;  1910,  165.— Hartmann  & 
von  Prowazek,  1907,  312  (tetragona). — Hartmann  &  Wbitmore,  1912, 
183,  184,  185,  188,  1S9,  190,  191,  192!— von  Janicki,  1909,  384,  391,  392.— 
Kisskalt  &  Hartmann,  1910,  26-28,  29,  figs.  9-11.— Koidzumi,  1909,  650, 
651.— Lesage,  1908,  105.— Liston,  1911,  108.— Luehe,  1909,  421.— Ma  this  & 
Leger,  1911,  208.— Mercier,  1910,  147.— Metcalf,  1910,  310,  315.— Naegler, 
1909,  40,  42;  1911,  68.— Noc,  1909,  187,  190,  201.— Noeller,  1912,  196,  197, 
199.— Popoff,  1911,  210.— von  Prowazek,  1912,  245.— Schepotieff,  1910, 
495.— Sistrunk,  1911,  1507,  1509.— Sluiter  &  Swell engrebel,  1912,  22,  23, 

25,  fig.  4.— Smith,  A.  J.,  &  Weidman,  1910,  296.— Stiles,  1911,  1276.— 
Swellengrebel,  1910,  170.  171.— Takamiya,  1912,  5.— Tanaka.  1910,  2300.— 
Walker,  1911,  262,  263,  264,  271,  273,  276  (tetragina).— Wallace,  1912, 
689,  691.— Wells,  1911,  205,  207.— Werner,  190S  e,  figs.  1-15;  1909,  588, 
1909,  241,  242,  243,  244,  figs.  1-15;  1911,  70,  75;  1912,  190-192.— Whit- 
more,  1911,  73,  75,  76,  77,  78,  79,  fig.  1;  1911,  85;  1911,  235;  1912,  516^517, 
519.— WTZ5_ae58,  1911,  585,  594,  595,  597. 

tropicalis  Lesage,  1908,  105,  108,  110,  111,  figs.  7-11;  190S,  584,  585,  5S6.— 
Castellani  &  Chalmers,  1910,  214,  215,  219-220,  232,  347,  925.— Craig,  1911, 
10,  36,  73,  212-213;  1912,  3;  1912,  4.— Fantham,  1911,  112-113,  116,  117, 
118.— Kuenen,  1909,  552,  563.— Sluiter  &  Swellengrebel,  1912,  21.— Walker, 

1911,  263.— Whitniore,  1911,  72 ;  1911,  93. 

undulans  Castellani,  1905,  67,  69.— Braun,  190S.  42.— Castellani,  1904,  50S; 
1905,  1286,  fig.  2  b.— Castellani  &  Chalmers,  1910,  214-215,  220,  232, 
925.— Craig,  1911,  37,  73,  214-215.— Doflein,  1909.  50S ;  1911,  595.— 
Fantham,  1911,  115.— Minchin,  1907,  21;  1909,  21.— Sluiter  &  Swellengrebel, 

1912,  27.— Smith,  A.  J.,  &  Weidman,  1910,  296.— Verdun,  1907  a,  32.— 
Walker,  1908  a,  423,  449;  Walker,  1911,  261. 
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urogenitals  (Baelz,  18S3).— Castellani  &  Chalmers,  1910,  214.— Craig,  1911, 
233.— Doflein.  1909,  505;  1911,  593.— Sluiter  &  Swellengrebel,  1912,  26.— 
Smith,  A.  J..  &  Weidman,  1910,  296. 

williamsi  von  Prowazek,  1911,  349,  pi.  17,  figs.  1-5. — Alexeieff,  1912,  70. — 
Craig,   1912,   4.— Hartmann   &  Whitmore,   1912,   185,   187,   189,  192.— von 
Prowazek.  1912,  30 :  1912,  273 ;  1912,  242,  244,  245. 
Loeschia  Chatton  &  Lalung-Bonnaire,  1912,  142.— Alexeieff,  1912,  149.— Chatton, 
1912,  111. 

braziliensis  Chatton,  1912,  182. 

coli  (Loesch,  1875).— Chatton,  1912,  181,  182;  1912,  110,  111. 

histolytica  (Schaudinn,  1903). — Chatton  &  Lalung-Bonnaire,  1912,  pi.  9, 
fig.  14. 

minuta  (Elmassian,  1909).— Chatton,  1912,  182. 

sp.  Chatton,  1912,  1S0-182,  pi.  10,  figs.  1-5. 

tetragena  (Viereck.  1907).— Chatton,  1912,  181,  182;  1912,  109.— Chatton  & 
Lalung-Bonnaire,  1912,  pi.  9,  fig.  14. 
Paramoeba  Schaudinn,  1896  b,  31^1.— Braun,  1908,  42.— Calkins,  1901  b,  59,  93, 
105,  218,  233,  234,  276.— Castellani  &  Chalmers,  1910,  214,  223.— Craig, 
1911,  12,  23,  29,  36,  215.— Doflein,  1909,  510-512.— Gedoelst,  1911,  33.— 
Guiart,  1910,  156.— Hartmann  &  von  Prowazek,  1907,  311,  313,  315,  320.— 
Sluiter  &  Swellengrebel,  1912,  27. 

coli  (Loesch,  1875).— Doflein,  1911,  1031  (index). 

eilhardi  Schaudinn.  1896  b,  31-41,  figs.  1-12.— Castellani  &  Chalmers,  1910, 
223.— Craig,  1911,  29,  216,  219,  222.— Dobell,  1909,  312,  fig.  21.— Doflein, 
1907,  281;  1909,  26.  152,  180,  511,  figs.  155,  452;  1911,  164,  602,  figs.  172, 
532.— Glaeser,  1912,  53,  97,  105,  122.— Hartmann  &  von  Prowazek,  1907, 
311,  320,  328.— Moroff,  1908,  200.— Schubotz,  1905  b,  4. 

hominis  Craig,  1906,  214-220,  figs.  1-2.— Braun,  1908,  43.— Castellani  & 
Chalmers,  1910,  223,  232,  925.— Craig,  1910,  1-11,  figs.  1-2;  1911,  10,  29, 
36,  73,  132,  215-229,  figs.  28-29.— Doflein,  1909,  512,  fig.  453 ;  1911,  603.— 
Gedoelst,  1911.  34,  fig.  34.— Hickson,  1909,  83.— Schepotieff,  1910,  499  — 
Simon,  C.  E..  1907,  289;  1911,  216.— Sluiter  &  Swellengrebel,  1912,  27  — 
Thornburgh,  190S,  56.— Walker,  1911,  261-262. 
Poneramoeba  Luehe,  1909,  421. 

histolytica    (Schaudinn,  1903).— Luehe,  1909,  418^24. 
Proctamoeba  Alexeieff,  3  912.  55-74. 

maris  Alexeieff.  1912.  fig.  5  (1  &  2). 

ranarum  Alexeieff,  1912,  66,  figs.  6,  7. 

salpae  Alexeieff,  1912,  64,  fig.  5  (3-5). 
Vahlkampfia    Chatton  &  Lalung-Bonnaire,  1912,  135-142.— Alexeieff,  1912,  149, 
150.— Chatton,  1912,  110,  111,  112,  113. 

hartmanni  (von  Prowazek,  1912). — Chatton,  1912,  112. 

lacertae  (Hartmann  &  von  Prowazek,  1907). — Chatton,  1912,  112. 

Umax  Alexeieff,  1912,  150,  151. 

mucicoln    (Chatton.  1909).— Chatton,  1912,  112. 

poedophtora  (Caullery,  1906).— Chatton,  1912,  112. 
Viereckia  Chatton  &  Lalung-Bonnaire,  1912,  142. 

tetragena  (Viereck,  1907).— Chatton,  1912,  110. 
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By  Dr.  Gary  N.  Calkins,  Professor  of  Protozoology,  Columbia  University,  New 

York  City. 

"  Die  Kenntniss  der  Entwickelung  ist  das  erste  Postulat  der  Pro- 
tozoenforschung.    Schaudinn  1903." 

The  above  quotation  should  be  made  an  axiom  and  incorporated  in 
every  taxonomic  paper  on  protozoa,  especially  on  rhizopods.  Until 
the  full  life  history  is  known  we  can  only  place  forms  provisionally 
and  with  the  understanding  that  further  research  alone  will  establish 
finality. 

The  taxonomic  problems  of  the  amoebae  were  not  particulary  dif- 
ficult to  handle  until  the  pathogenic  forms  became  known  and  arti- 
ficial culture  methods  were  developed.  Then  the  difficulties  were  to 
determine  between  pathogenic  and  inocuous  forms.  Free  living 
small  amoebae  may  be  cultivated  with  ease  on  artificial  culture  media, 
pathogenic  forms  less  easily,  and  the  problem  of  distinguishing  be- 
tween them  soon  began  to  give  trouble.  It  is  claimed  by  many  that 
small  forms  of  free  living  rhizopods  may  become  encysted,  and 
within  the  protection  of  their  cysts  withstand  the  digestive  fluids 
of  their  vertebrate  hosts,  with  or  without  emerging  from  their 
coverings.  This  led,  furthermore,  to  the  claim  that  all  or  a 
large  proportion  of  the  cultivated  amoebae,  paid  to  be  pathogenic  or 
parasitic,  were  in  reality  only  encysted  stages  of  free  living  rhizo- 
pods. Within  the  last  few  years,  therefore,  there  has  been  developed 
a  great  interest  in  the  systematic  positions  of  amoebae  that  will  live 
on  artificial  culture  media.  The  chief  source  of  the  confusion  that 
has  arisen  is  the  group  of  minute  water  or  infusion  amoebae  and  not 
the  relatively  large  free  living  forms  like  Amoeba  proteus,  A.  ves- 
pertilio,  and  their  allies.  Some  of  the  smaller  ones  are  sufficiently 
characteristic  to  be  easily  identified.  A.  verrucosa,  for  example,  with 
its  corrugated  surface,  is  not  easily  mistaken  for  other  forms.  It  is 
different,  however,  with  that  group  of  minute  forms  usually  included 
under  the  specific  name  Amoeba  Umax  Dujardin. 

At  the  present  time  it  is  recognized  that  the  nature  of  the  pseudo- 
podia  and  ectoplasmic  and  endoplasmic  differentiation  are  unsafe 
diagnostic  characters  by  which  to  identify  amoebae,  for  these  have 
been  shown  to  vary  widely  in  the  same  species  under  different  condi- 
tions of  environment.  Nuclear  differences,  however,  appear  to  be 
more  stable,  and  we  find  a  growing  tendency,  mainly  emphasized  by 
Nagler,  Chatton,  and  Glaser,  to  base  specific  differences  on  the 
changes  which  the  nuclei  undergo  during  division. 

The  enormous  differences  between  amoeboid  types  of  rhizopods  not 
only  justifies  but  makes  imperative  generic  separation  amongst  them. 
The  characteristics  of  A.  proteus  are  definite  and  distinct,  but  the 
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characterization  of  a  genus  of  which  A.  proteus  is  the  type  species 
would  hardly  suffice  to  characterize  the  widely  divergent  types  that 
have  been  discovered  in  recent  years.  This  conclusion  has  been  in- 
dependently reached  by  all  students  of  the  rhizopods,  some  of  the  re- 
sults being  seen  in  the  genera  Paramoeba  and  Entamoeba  now  well 
established. 

The  life  history  of  Amoeba  proteus,  as  well  as  the  morphological 
features,  is  sufficient  to  separate  it  from  the  other  and  smaller  free 
living  forms  that  lend  themselves  to  the  agar  culture  method.  The 
latter,  belonging  for  the  most  part  to  the  so-called  "  limax  "  group, 
have  been  extremely  difficult  to  deal  with  systematically.  Dujardin 
in  1841  created  the  species  as  a  type  of  amoeba,  but  his  description 
was  so  indefinite  that  no  one  at  the  present  time  can  be  sure  of  the 
form  meant  by  this  gifted  pioneer.  Penard  in  1902  likewise  gave  an 
inadequate  description,  and  many  modern  investigators,  working 
with  forms  which  they  call  Amoeba  Umax,  have  come  to  opposite 
conclusions  regarding  structures  and  activities,  and  much  confusion 
has  resulted.  Vahlkampf  in  1904  gave  a  careful  description  of  a 
small  form  measuring  about  3|x  which  he  designated  A.  Umax.  The 
various  phases  of  activity,  including  encystment,  emergence  from  the 
cyst,  and  the  details  of  nuclear  division,  were  carefully  made  out.  If 
we  were  to  retain  the  name  "limax,"  therefore,  it  would  have  to 
be  based  upon  the  characters  described  by  Vahlkampf. 

While  retaining  the  specific  name  limax  of  Dujardin  for  Vahl- 
kampf's  species  we  agree  with  Chatton  1912  in  giving  it  a  different 
generic  name  from  that  of  Amoeba  proteus  and  accept  Chatton's 
term  Vahlkampfia  as  a  generic  name  for  part  of  the  forms  included 
formerly  under  the  name  Amoeba.  We  do  not  agree  with  Chatton, 
however,  in  abandoning  the  old  name  limax,  but  would  retain  it  for 
the  species  Vahlkampfia  limax  Duj.  emend  Vahlk.  Not  only  are 
forms  included  under  the  new  genus  Vahlkampfia  different  from 
Amoeba  proteus  but  they  also  differ  from  other  types  of  minute 
amoebae  formerly  included  as  limax  forms.  Here,  for  example,  are 
those  species  which,  on  agar,  pass  from  a  pseudopodia  bearing  stage 
to  a  flagellum  bearing  stage,  and  vice  versa.  For  these  we  have 
adopted  Alexeieff's  name  Nagleria,  but  with  emendations,  however, 
since  Alexeieff  included  under  this  name  all  of  the  forms  herein 
grouped  under  the  name  Vahlkampfia. 

The  views  expressed  in  the  preceding  paragraphs  may  be  sum- 
marized in  the  statement  that  the  old  genus  Amoeba  should  be  broken 
up  into  allied  genera  as  follows:  Amoeba,  Vahlkampfia,  Nagleria, 
Craigia,  Trimastigamoeba,  Entamoeba,  and  Paramoeba. 

Note. — No  attempt  has  been  made  to  make  the  bibliographies  complete;  the 
number  of  titles  that  might  be  added  is  legion,  and  no  donbt  many  able  works 
on  the  amoebae  bave  been  omitted.  These  can  be  obtained  from  the  references 
cited 
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GENERAL   WORKS   ON    AMOLBAE. 

Behla,  R.     1897.     Die  Amoben,  insbesondere  vom  parasitiiren   uud  Kulturellen 

Standpunkte.     Berlin. 
Cash  and  Hopkinson.     1905.     The  British  Freshwater  Rhizopods  and  Ileliozoa 

Ray  Society.    London. 
Craig,  C.  F.     1912.     The  Parasitic  Amoebae  of  Man. 
Doflein,  F.     1911.     Lehrbnch  der  Protozoenkunde.     Jena. 
Pcnard,  E.     1890.     Etudes  sur  les  rhizopodes  d'eau  donee.     Mem.  de  la  Soc. 

de  Phys.  et  de  l'histoire  nat.  de  Geneve.     Tome  31. 
Penard,  E.     1902.     Faune  rhizopodique  du  bassin  du  Leman.     Geneve. 
Wiilkr,    G.     1911.     Die   Tecknik   der   Amoebenzuchtung.     Cent.    f.    Bakt.     Nos. 

19,  21. 

Genus  Amoeba,  Bory. 

Eosel  von  Rosenhof  in  1755  described  a  small  organism  under  the 
name  of  "  der  kleine  Proteus."  The  value  of  his  description  was 
recognized  by  Linnaeus,  who  gave  to  the  organism  the  name  Volvox 
chaos.  Pallas  also  distinguished  it  under  the  name  of  Volvox 
proteus,  while  Bory  de  Saint  Vincent  in  1824  gave  to  it  the  generic 
name  Amiba,  which  Ehrenberg  in  1831  changed  to  its  modern  form 
Amoeba.  Many  recent  writers  have  discarded  the  "o"  and  spell  it 
Ameba,  but  their  only  justification  would  be  to  return  to  the  original 
form  and  spell  it  Amiba. 

The  type  form  of  the  genus  is  A.  proteus  of  to-day,  which  corre- 
sponds with  Ehrenberg's  A.  princeps  and  with  Rosel's  kleine  Proteus. 

Generic  characters. — Free  living  rhizopods,  usually  of  large  size 
(up  to  1  mm.  in  diameter),  with  one  or  many  nuclei  and  one  or  more 
contractile  vacuoles.  The  protoplasm  is  differentiated  into  ectoplasm 
and  endoplasm,  pseudopodia  forming  from  both  parts  or  only  from 
ectoplasm.  The  nuclei  are  large,  with  thick  doubly  refracting  mem- 
branes and  with  chromatin  concentrated  in  a  single  large  karyosome 
or  in  granular  form  distributed  throughout  the  nucleus.  Reproduc- 
tion by  division  and  sporulation. 

Amoeba  proteus  Pallas. 
Synonyms : 

Der  kleine  Proteus,  Rosel  von  Rosenhof,  1755. 

Volvox  proteus,  Pallas,  1766. 

Amiba  divergens,  Bory  de  St.  Vincent,  1822. 

Amoeba  princeps,  Ehrenberg,  1831,  1838. 

Amoeba  proteus,  Leidy,  1878,  1879. 

Amoeba  radiosa,  Ehrenberg,  1830,  1831,  1838. 
Leidy,  J.     1878.     Proc.  Ac.  Nat.  Sc,  Philadelphia. 

Leidy,  J.     1S79.     Fresh  Water  Rhizopods  of  North  America,  Washington. 
Awerinzeff,    S.     1904.     Ueber   die   Theiluug   bei   Amoeba    proteus.     Zool.    Ana. 

Bd.  27. 
Calkins,  G.  N.     1907.     The  Fertilization  of  Amoeba  proteus.     Biol.  Bull.,  vol.  13 
Metcalf,  M.  M.     1910.     Studies  on  Amoebae.     Jour.  Exper.  Zool.,  vol  9,  No.  2. 

00692— vol  2,  pt  1—13 19 
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Prandtl,    H.     1907.     Die    physiologische    Degeneration    der    Amoeba    proteus. 

Arch.  f.  Prot.     Bd.  8. 
Scheel,  R.     1899.     Beitrage  zur  Fortpflanzung  der  Amoben.     Festchr.  von  K.  v. 

Kupffer,  Jena.  ,  ^ 

Schubotz.     1905.     Beitrage  zur  Kenntnis  der  Amoeba  blattae  u.     A.  proteus. 

Arch.  f.  Prot.,  vol.  6. 

Large  fresh-water  form  from  300-600pi.  The  ectoplasm  is  clearly 
defined,  the  endoplasm  granular  and  vacuolated  and  takes  part  in  the 
formation  of  the  lobose  pseudopodia.  The  nucleus  in  vegetative 
stages  is  single  and  has  a  thick  membrane,  chromatin  usually  in  the 
form  of  granules.  The  contractile  vacuole  is  large  and  definite,  open- 
ing to  the  outside  at  the  posterior  end  of  the  organism  in  motion. 
Keproduction  by  division  and  sporulation.  Gametogeny  preceded  by 
the  multiplication  of  nuclei,  formation  of  secondary  conjugating 
nuclei  and  development  of  secondary  reproductive  cysts  (Calkins). 
The  swarmers  are  amoeboid  (Scheel) .  Young  cells  with  stellate  form 
formerly  known  as  A.  radiosa.  Food,  small  animals,  algae,  diatoms, 
other  protozoa,  etc.  Not  viable  on  protozoan  agar  or  other  media. 
Common  in  fresh-water  ponds  and  ditches  among  dead  leaves  and 
other  detritis. 

Note. — The  process  of  gametogeny  as  described  by  Calkins  has  been  criti- 
cized by  Prandtl,  Schubotz,  Dobell,  and  others  on  the  ground  that  the  struc- 
tures described  were  stages  in  the  development  of  parasites.  Scheel  and  Met- 
calf  have  confirmed  my  observations  in  part,  but  have  not  seen  the  identity, 
possibly  because  of  the  poor  figures  in  my  original  paper.  After  careful  com- 
parison of  amoebae  parasitized  by  Nucleophaga  and  by  the  form  described  by 
Prandtl  under  the  name  "Allogroniia,"  I  find  no  reason  whatsoever  for  chang- 
ing my  views  regarding  autogamy  as  originally  described. 

A.  vespertilio  Penard. 

Penard,  E.    1902.    Faune  rhizopodique  du  Bassin  du  Leman.  Geneve. 
Doflein,   F.     1907.     Studien   zur   Naturgeschichte  der   Protozoen.   V.   Amoben- 
studien.     Arch.  f.  Prot.  Suppl.  1,  1907. 

Common  fresh- water  form  from  200-300[jl.  In  motion  the  pseudo- 
podia are  usually  pointed  and  triangular  in  outline;  at  rest  they 
are  radially  arranged  and  often  very  long  and  thin.  The  nucleus  is 
spherical,  containing  a  globular  karyosome  in  which  the  bulk  of  the 
chromatin  is  massed,  and  a  peripheral  substance  containing  little 
chromatin.  Reproduction  by  fission  in  rounded  forms  in  which  the 
long  pseudopodia  are  replaced  by  small  papilliform  processes.  The 
karyosome  divides  by  "mitosis;"  a  cell  division  following  after  a 
longer  or  shorter  time.  The  resting  cysts  are  globular  with  a  thin 
gelatinous  membrane.  Multiple  agamous  reproduction  sometimes 
occurs  within  the  cysts  in  which  the  nucleus  divides  three  times,  re- 
sulting in  the  formation  of  eight  young  amoeboid  forms.  Sexual 
processes  not  known.  Habitat  pools  and  ponds  similar  to  that  of  A. 
proteus.    Not  viable. 


OaJkins.]  (JKNEKA    AND    SPECIKS    OF    AMOEBA.  291 

A.  flava  Greeff. 

Greeff,  B.    1891.    Ueber  die  Erdamoben.    Sitz.  Ber.  d.  Ges.  zu  Bef.  de  Ges.  Wisa 

zu  Marburg. 
M<ibius,  K.     1888.     Bruckstiicke  einer  Rhizopodenfaune  der  Kieler  Bucht.  Abb. 

d.  Berlin  Akad.  Wiss.    Bd.  49. 
Schepotieff,  A.     1910.    Amobenstudien,  Zool.  Jahrb.  ADat.  Bd.  29,  p.  485. 

Large  salt-water  amoeba  up  to  1  mm.  in  length;  young  forms  uni- 
nucleate ;  old  forms  multinucleate.  The  pseudopodia  of  young  forms 
are  short  and  radial  in  arrangement;  protoplasm  finely  granular  with 
peripheral  ectoplasm  and  brownish-colored  endoplasm,  the  latter 
taking  no  part  in  pseudopodia  formation.  Pellicle  absent.  The 
single  nucleus  has  a  doubly-refracting  membrane,  chromatin  in  the 
form  of  fine  granules  and  with  a  central  karyosome.  This  is  the  type 
studied  by  Greeff,  by  Gruber,  and  by  Mobius.  The  nucleus  divides 
by  mesomitosis  with  the  formation  of  nuclear  plate  at  times;  details 
not  known. 

The  small  uninucleate  form  grows  and  the  nuclei  divide  until  in  the 
large  forms  they  number  from  45-80.  These  then  fragment  to  form 
chromidia  and  the  cell  encysts.  The  cysts  are  oval  or  spherical  from 
500-525(jl  in  diameter  and  of  brownish -black  color.  The  cyst  wall  is 
opaque  and  consists  of  two  layers — an  outer  layer  rough  and  warty, 
and  an  inner  smooth  layer.  The  chromidia  form  secondary  nuclei 
which  become  the  nuclei  of  isogametes  with  one  flagellum.  These  con- 
jugate two  by  two  (not  actually  observed),  and  the  result  of  con- 
jugation is  the  formation  of  a  uninucleate  copula  or  zygote  which 
transforms  into  a  young  uninucleate  amoeba  (Schepotieff).  Habitat, 
salt  water,  Naples. 

A.  verrucosa  Ebr. 
Synonyms : 

Amoeba  terricola,  Leidy. 
Amoeba  striata,  Leidy. 
Amoeba  sphaeronucleolus,  Greeff. 
Ehrenberg,  C.  G.     1838.     Die  Infusionsthierschen  als  volkommne  Organismen. 

Berlin. 
Gliiser,  H.     1912.     Untersuchungen  liber  die  Theilung  einiger  Amoben.     Arch. 

f.  Prot.  Bd.  25,  p.  27. 
Rhumbler,    L.      1898.      Pbysik.    Analyse    von    Lebonsersoheinungen    der   Zelie. 
Arch.  f.  Entwickl.     Vol.  7,  p.  103. 

Fresh- water  form  much  smaller  than  A.  proteus,  80— IOO^l.  It  is  a 
sluggish  form  with  dense  ectoplasm  and  a  still  denser  pellicle.  Its 
protoplasm  is  yellowish  to  white  and  transparent.  Pseudopodia  are 
few  in  number,  forming  a  lamella-like  process  at  one  end.  The 
pellicle  is  thrown  into  folds  giving  the  characteristic  striated  ap- 
pearance thus  distinguishing  it  from  other  free  living  amoebae.  The 
nucleus  is  relatively  large,  oval,  or  spherical  in  form,  with  a  con- 
spicuous karyosome  and  an  ex-centric  nucleolus.  A  single  contractile 
vacuole  is  invariably  present  but  t lie-  endoplasm  has  few  vacuoles., 
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Nuclear  division  promitotic  with  pole  bodies  and  central  nuclear 
plate  (Glaser).  Reproduction  by  division  the  only  known  method  of 
increase.  This  species  is  very  close  to  if  not  identical  with  A.  ter- 
ricola. Green0. 

« 

A.  terricola,  Greeff. 

Similar  to,  if  not  identical  with  Amoeba  verrucosa,  Ehr. 

Greeff,  R.     1891.     Ueber  die  Erd-Anioeben.     Sitz.  Ber.     d.  Ges.  d.  Naturwiss. 

zu  Marburg. 
Leidy,  J.    1879.    The  Fresh  Water  Rhizopods  of  North  America.     Washington. 
Cash  and  Hopkinson.     See  No.  2. 
Grosse-Allermann,   W.   1909.     Studien  iiber  Amoeba  terricola.     Arch.  yf.  Prot 

V.  17. 

Sluggish  form  from  90-200[a  similar  in  general  characters  to  A. 
verrucosa.  Its  rhizopod  characters  are  said  to  be  difficult  to  de- 
termine owing  to  its  slow  movements  and  crystalline  appearance. 
The  pseudopodia  are  slow  to  form,  very  blunt  and  short.  The  ecto- 
plasm and  endoplasm  are  distinct,  but  the  former  is  only  a  small 
zone  about  the  cell  which  is  bounded  by  a  definite  pellicle.  The  endo- 
plasm is  alveolar  witl^  large  refringent  granules  or  crystals.  Nuclei 
are  one  or  many  in  number  and  contractile  vacuoles  are  numerous. 
The  nuclei  vary  in  size  from  20— 30p.  with  large  and  distinct  karyo- 
somes.  Reproduction  by  fission  and  possibly  by  multiple  division, 
but  details  are  unknown.  (See  Gross- Allermann. )  Habitat,  moss. 
-In  addition  to  these  well-known  amoebae  there  are  others  of  allied 
t}^pe  belonging  to  the  genus  Pelomyxa.  These  are  large  forms  with 
many  nuclei  and  with  very  sluggish  movement  without  definite 
pseudopodia  formation.  Schaudinn's  Amoeba  binucleata  is  some- 
times placed  here. 

Genus  Vahlkampfia  Chatton,  emend  Calkins. 

Synonyms : 

Nagleria  (in  part)  Alexeieff. 
Hartmannia  (in  part)  Chatton. 

Alexeieff,  A.  1912.  Sur  les  caracteres  cytologiques  et  la  systematique  des 
Amibes  du  groupe  limax  (Nagleria  nov.  gen.  et  Hartmannia  nov.  gen.),  etc. 
Bull,  de  la  Soc.  Zool.  de  France,  vol.  37,  No.  2. 

Chatton,  E.  1912.  Sur  quelques  genres  d'amibes  libres  et  parasites.  Synony- 
mies, homonomie,  Impropriete.     Bull.  d.  la.  Soc.  Zool.  de  France,  vol.  37,  No.  3. 

Chatton  and  Lalung-Bonnaire  1911.  Amibe  limax  (Vahlkampfia  nov.  gen.)  dans 
l'intestin  humain.    Bull,  de  la  Soc.  de  Path  Exot.,  vol.  5,  p.  135. 

For  reasons  given  in  the  introduction  we  follow  Chatton  in  plac- 
ing some  of  the  forms  belonging  to  the  "  limax  "  group  and  included 
^ronerally  in  the  old  genus  Amoeba,  in  a  new  genus  named  after  Vahl- 
kampf  who  first  accurately  described  one  of  this  miscellaneous  col- 
lection. We  find  it  necessary,  however,  to  limit  the  genus  somewhat 
more  narrowly  than  does  Chatton,  by  eliminating  those  types  with 
the  capacity  to  change  from  amoeboid  into  flagellated  forms  and 
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vice  versa.     These  types  we  place  in  AlexeiefTs  genus  Nagleria  char- 
acterizing the  genus  Vahlkampfia  as  follows : 

Minute  free-living  or  commensal  rhizopods  moving  as  a  finger- 
formed  single  pseudopodium  or  with  irregular  ectoplasmic  outbursts 
to  form  a  local  or  general  hyaline  ectoplasm.  The  nucleus  is  single 
or  double  with  finely  divided  chromatin  forming  a  membrane-like 
contour  and  with  a  definite  karyosome.  Reproduction  by  simple 
division,  the  karyosome  dividing  first  like  the  nucleolus-centrosome 
of  Euglena,  the  peripheral  chromatin  forming  the  nuclear  plate 
(promitosis  of  Niigler).  Cysts  uninucleate.  Food  bacteria;  habitat 
usually  fresh  water  in  ponds,  etc.,  but  many  types  are  found  in 
garden  earth  and  some  may  be  marine. 

Vahlkampfia  Umax  Duj.  emend  Vahlkampf. 
Synonyms : 

Amoeba  Umax  Dnjardin. 
Amoeba  Umax  of  authors  in  part. 
Alexeieff,  A.     1912.     See  preceding  bibliography. 
Chatton,   E.     1910.     Essai   sur  la   structure  du   Noyau   et   la   mitose  chez  les 

Amoebiens.     Arch.  d.  Exper.  et  Gen.  Tome  5.  No.  6. 
Dujardin,  F.     1841.     Les  Infusoires  in   Suites   de  Buffon.     Historie  naturelle 
des  zoophytes. 

Minute  form  from  3— 4pL  in  length  and  0.75^  in  width.  Movement 
in  a  zigzag  manner  by  the  formation  of  pseudopodia  first  on  one  side, 
then  on  another  in  the  general  direction  of  movement.  The  anterior 
end  during  movement  is  broader  than  the  posterior  end.  There  is  no 
differentiation  into  ectoplasm  and  endoplasm,  except  Avhere  the 
pseudopodia  are  forming.  One  contractile  vacuole  is  present  in  the 
posterior  part  of  the  cell  and  is  distinctly  visible.  The  nucleus  is 
single,  visible  in  the  living  cell,  and  from  0.3-0.5[j.  in  diameter. 
When  stained  the  nucleus  shows  a  membrane  lined  by  chromatin,  a 
colorless  zone  within  the  membrane  and  a  distinct  spherical  karyo- 
some in  the  center.  At  division  this  karyosome  first  elongates  then 
constricts  in  the  middle  and  divides,  the  nuclear  plate  being  formed 
from  the  peripheral  chromatin.  •The  colorless  zone  forms  an  elon- 
gated matrix  in  which  indistinct  fibers  ultimately  appear.  The 
daughter  plate  chromatin  collects  in  a  mass  on  one  side  of  the  daugh- 
ter karyosome  and  then  breaks  up  to  form  the  peripheral  layer 
around  the  membrane.  The  cysts  are  spherical,  uninucleate  and 
about  1.5pi  in  diameter.  The  cyst  wall  is  brown  in  color  but  trans- 
parent.   Contractile  vacuole  absent.    Viable. 

Vahlkampfia  paedophthora  Canllery. 
Synonym :  Amoeba  paedophthora  Caullery. 

Caullery,  M.     1910.     Sur   un  amoebien  parasite  des  embryons  de  Peltogaster 
curvatus  Koss.    C.  R.  Soc.  Biol,  de  Paris  Tome  61. 

Small  form  parasitic  in  the  eggs  of  Peltogaster  a  crustacean.  En- 
doplasm highly  vacuolated,  nucleus  minute  with  distinct  karyosome. 
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Division  promitotic.    Said  to  be  an  active  agent  in  the  destruction  of 
eggs  and  embryos  of  the  crab. 

V.  froschi  Hartmann. 

Synonym :  Amoeba  froschi  Hartmann. 

Hartmann    und   Prowazek,    1907.     Blepharoplast,    Karyosom,    und    Centrosom. 

Arch.  f.  Prot.  Bd.  10. 
Glaser,  H.     1912.     See  bibliography,  p.  — . 
Nagler,  K.     1909.     Entwicklungsgeschichtliche  Studien  fiber  Amoben.  Arch.  f. 

Prot.    Bd.  15,  p.  1. 

Small  forms  usually  from  8— 12jx  in  diameter.  Nucleus  from  1-2jjl 
Movements  similar  to  those  of  V.  Umax.  The  nucleus  is  central  with- 
out a  firm  membrane  and  with  a  distinct  karyosome  and  centriole. 
Glaser  interprets  the  latter  as  only  a  part  of  the  karyosome  which 
retains  the  stain  longest  and  does  not  regard  it  as  a  definite  body. 
Its  independent  division,  however,  seems  to  show  that  it  is  quite  as 
independent  as  the  centrosome  of  higher  cells.  Nuclear  division  is 
slightly  different  from  that  of  V.  Umax  by  reason  of  the  concen- 
tration of  chromatin  in  the  karyosome.  Nuclear  plate,  polar  masses, 
and  reconstruction  are  similar  to  those  of  limax,  the  division  there- 
fore is  promitotic.  The  cysts  are  spherical,  from  7-lOpi  and  with 
double  membrane.    Sexual  processes  said  to  be  autogamous  (Nagler). 

V.  lacustris  Nagler. 

Synonym :  Amoeba  lacustris  Nagler. 

Nagler,  K.    1909.     See  preceding  bibliography. 

Minute  forms,  from  8-15  jjl  with  only  slight  differences  from  other 
limax  forms.  The  small  peculiarity  of  the  nuclear  plate  in  division 
does  not  seem  to  us  a  sufficient  characteristic  for  a  distinct  species, 
and  until  its  life  history  is  made  out  this  form  should  be  considered 
only  a  variant  of  V.  limax.  The  cyst  is  uninucleate,  transparent, 
and  without  marked  characteristics.     Fresh  water. 

V.  lacertae  Hartmann. 

Synonym :  Entamoeba  lacertae  Hartmann,  1907. 

Hartmann  und  Prowazek,  1907 

Nagler,  K.     1909.     See  above. 

• 

Small  form,  from  10-20  \l  in  diameter,  with  highly  vacuolated  cyto- 
plasm and  distinctly  visible  nucleus.  The  karyosome  is  surrounded 
by  a  peripheral  row  of  chromatin  granules  which  fuse  to  form  larger 
masses  bound  together  by  a  fine  reticulum.  A  centriole  is  plainly 
seen  even  in  the  living  state.  Nuclear  division  is  promitotic.  The 
cysts  are  smaller  than  the  vegetative  forms  and  have  no  marked 
characteristics  beyond  a  slightly  wrinkled  outer  membrane.  Habitat, 
commensal  in  the  gut  contents  and  cloaca  of  lizards.     Viable. 

V.  albida  Niigler. 

Synonym:    imoeba  albida  N&gler. 

Nagler,  K.,  1909.     Entw.  Studien  iiber  Amoebeu.     Arch.  f.  Prot.  Bd.,  15,  p.  24. 

Larger  form  characterized  by  a  hyaline  or  transparent  cell  body, 
slow  movements,  and  distinct  nuclear  membrane, from  20-40  jx.    Divi- 
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sion  of  the  nucleus  promitotic.     Sexual   processes  autogamic,  with 
tetrad-like  fertilization  nuclei.     Habitat,  garden  earth.     Viable, 

V.  horticola  Nagler. 

Synonym:  Amoeba  horticola  Xiigler. 

Nagler,  K.,  1909.     See  preceding  bibliography. 

Small  form,  from  15-25  \l  in  diameter.  Movement  by  protrusion 
of  long  pseudopodia;  ectoplasm  and  endoplasm  distinct,  the  latter 
with  large  granules  and  smaller  refractive  bodies  and  single  con- 
tractile vacuole,  difficult  to  see  because  of  the  granules.  The  nucleus, 
visible  in  the  living  cell,  has  a  large  karyosome  surrounded  by  a 
hyaline  zone.  The  division  is  promitotic,  with  centrioles.  The  chro- 
matin of  the  nuclear  plate  is  said  to  differ  from  that  of  other  Umax 
forms  in  being  concentrated  into  six  definite  chromosomes.  Cysts 
are  10  (jl  in  diameter,  somewhat  ellipsoidal  in  form.  Sexual  processes 
unknown.     Habitat,  garden  earth.     Viable. 

V.  diploidea  Hartmann  and  Nagler. 
Synonyms : 

Sappinia  diploidea  Alexeieff,  1912. 
Hartmannia  Chatton,  1912. 
Hartmann  u.  Nagler,  1908.     Kopulation  bei  Amoeba  diploidea  mit  Selbstandig- 
bleiben  der  Gam^tenkerne  wahrend  des  ganzen  Lebenscyclus.  .  Sitz.  Ber.  d. 
Ges.  Nat.  Fr.  Berlin,  1908. 

Small  forms,  from  15-30  ul  in  diameter;  ectoplasm  with  distinct 
pellicle;  nucleus  double  in  the  vegetative  stages,  each  with  karyosome 
and  peripheral  chromatin,  and  division  is  synchronous,  promitotic  in 
type.  Conjugation  occurs  by  fusion  of  two  amoebae  within  a  com- 
mon cyst,  the  two  nuclei  in  each  cell  now  uniting,  the  fused  nuclei 
forming  the  two  nuclei  of  the  vegetative  stages.  Habitat,  garden 
earth.     Viable. 

V.  mucicola  Chatton. 

Chatton,  E.,  1909.     Une  Amibe,  Amoeba  mucicola  n.  sp.,  parasite  des  branchies 
des  labres.     C.  R.  Soc.  Biol  de  Paris.     Tome  67. 

Small  forms,  from  12-30  pi,  with  highly  vacuolated  endoplasm  and 
limax-like  ectoplasm.  Nucleus  visible  as  a  clear  vesicle,  with  a  dis- 
tinct karyosome.  Contractile  vacuole  not  observed.  Nuclear  mem- 
brane limax-like.  Division  promitotic.  Habitat,  ectoparasitic  on 
fish  at  Banyuls. 

V.  polypodia  Schultze. 

Synonym :  Amoeba  polypodia  F.  E.  Schultze. 

Schultze,  F.  E.,  1S75.     Ithizopodenstudien,  V.     Arch.  mik.  Anat.  Bd.  2. 

The  identity  of  this  amoeba  is  somewhat  questionable  and  it  has 
been  accepted  generally  as  a  type  which  reproduces  by  direct  division. 
Renewed  study,  however,  with  modern  methods  would  probably  show 
that  it  belongs  to  the  limax  type  of  promitosis,  since  Schultze  de- 
scribed a  hyaline  zone  around  the  highly  refractive  "  nucleus  "  (kary- 
osome?).    His  observations  were  made  solely  on  the  living  cell  and 
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the  chromatin  and  nuclear  plate  were  probably  not  seen.  The  ray- 
like pseudopodia,  however,  are  characteristic. 

V.  tachypodia  Glaser. 
Synonym :  Amoeba  tachypodia  Glaser. 

Glaser,  H.,  1912.     Untersuchnngen  liber  die  Theilung  einiger  Amoben.     Arch, 
f.  Prot  Bd.  25. 

Small  form,  from  15-30  \l,  which  Glaser  regards  as  a  variety  of 
Umax  varying  from  the  latter  in  ectoplasmic  and  nuclear  structures. 
One  contractile  vacuole ;  nucleus  visible  in  life  surrounded  by  a 
definite  membrane  and  containing  a  hyaline  zone,  in  the  center  of 
which  is  the  karyosome.  Movement  rapid  and  form  changes  con- 
stant. Cysts  from  10-11  jx,  similar  to  those  of  limax.  Nuclear 
division  promitotie,  the  karyosome  dividing  by  lateral  constriction; 
nuclear  plate  with  large  chromatin  granules.  Habitat,  pond  or  lake 
water.     Viable. 

V.  lamellipodia  Glaser. 

Synonym :  Amoeba  lamellipodia  Glaser. 

Glaser,  H.,  1912.     See  preceding  bibliography. 

Larger  forms,  from  25-50  \l  in  length  and  10-18  [x  in  width;  ecto- 
plasm clearly  defined  about  the  entire  cell,  giving  the  impression  of 

a  lamella ;  endoplasm  highly  vacuolated  and  filled  with  refractive 
granules;  contractile  vacuoles  numerous.  Nucleus  distinct  in  life; 
no  protective  cysts  in  water.  In  agar  cultures  cysts  sometimes  ap- 
pear, easily  recognizable  by. the  collection  of  deeply  refractive  gran- 
ules about  the  nucleus.  Nuclear  division  is  preceded  by  enlargement 
of  the  karyosome,  which  becomes  vacuolated,  while  the  zone  about  it 

becomes  filled  by  a  fine  chromatic  reticulum.  The  karyosome  finally 
resolves  into  an  achromatic  spindle,  with  distinct  chromosomes  form- 
ing the  nuclear  plate.  Pole  bodies  are  absent^  division  therefore 
mesomitotic.     Habitat,  pond  water.     Viable. 

T\  binucleata  Gruber. 
Synonyms : 

Amoeba  binucleata  Gruber. 

Pelomyxa  binucleata  Doflein,  1911. 

Sappinia  binucleata  Alexeieff,  1912.- 
Gruber,  1884.     Studien  iiber  Amoben.    Zeit.  wiss.  Zool.    Vol.  41,  p.  208. 
Schaudinn,   F.,   1895.     Ueber  die  Theilung  von   A.   binucleata.     Sit  Ber.   Ges. 
Nat  Fr.  Berlin.     Bd.  6,  p.  130. 

Larger  form  with  double  nuclei,  which  divide  by  synchronous  meso- 

mitosis.     Life  history  unknown,  possibly  a  stage  in  the  development 

of  Pelomyxa,  with  which  it  is  found.     Habitat,  pond  water. 

V.  guttula  Dujardin. 
Synonyms  : 

Amoeba  guttula  Dujardin,  1841. 

Amoeba  platypodia  Glaser,  1912. 
Dujardin,  F.,  1841.     Histoire  naturelle  des  zoophytes.     Infusoires. 

Larger  forms,  from  30-50  |x,  with  highly  transparent  protoplasm; 
one  contractile   vacuole   at  the   posterior  end;    ectoplasm   distinct. 
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Nucleus  with  great  karyosome  distinctly  visible  in  life.  Protective 
cysts  absent.  Nuclear  division  mesomitotic  similar  to  that  of  A. 
lamellipodia,  but  the  anaphase  is  characterized  by  the  collection  of 
chromatin  into  large  polar  masses  resembling  V.  Umax.  Habitat, 
pond  water.     Viable. 

This  is  the  same  species  evidently  as  the  one  described  by  Gliiser 
under  the  name  A.  platypodia,  which  is  somewhat  smaller  (13-25  [/.), 
and  has  a  wider  ectoplasm. 

Genus  Nagleria,  Alexeieff   (emend  Calkins). 

Synonyms : 

Amoeba  Umax  Alexeieff. 
Vahlkampfia  species  Chatton. 

This  genus,  including  a  number  of  limax  forms,  was  established  by 
Alexeieff  to  include  all  of  the  questionable  minute  amoeboid  forms 
which  Chatton  earlier  included  in  his  genus  Vahlkampfia.  Amongst 
these,  however,  were  some  species  in  which  the  life  history  on  agar 
involved  a  change  from  the  amoeboid  to  the  flagellated  stage,  and 
vice  versa.  This  is  a  distinct  characteristic  of  generic  value,  and 
until  similar  flagellated  stages  are  demonstrated  in  all  species  of 
Vahlkampfia  they  should  be  kept  separate  in  classification.  I  have 
adopted  Alexeieff's  generic  name3  therefore,  to  include  these  limax 
forms,  with  a  facultative  flagellated  stage. 

Whitmore  (1911)  still  earlier  described  an  amoeba  from  Manila 
with  a  flagellated  stage  in  which  three  flagella  were  present.  He 
named  it  Trimastigamoeba  philippinensis.  It  is  unfortunate  that 
such  a  generic  name  should  have  been' given  to  this  type,  for  in  the 
first  place  it  is  not  a  mastigamoeba  (which  is  the  generic  name  of  a 
flagellate),  and  in  the  second  place  the  prefix  makes  it  inapplicable  to 
the  biflagellated  types.  Hence  we  must  include  it  as  a  subgenus 
provisionally  or  else  place  the  biflagellated  forms  under  the  inappro- 
priate name  of  Trimastigamoeba.  It  may  be  better  in  the  long  run 
to  place  all  amoeboid  forms  with  flagellated  stages  under  one  generic 
name,  in  which  case  both  Trimastigamoeba  and  Nagleria  would  be 
supplanted  by  Schaudinn's  name  Paramoeba.  Until  the  life  history 
of  more  species  is  fully  known  I  think  the  latter  course  inadvisable, 
and  will  treat  the  uniflagellate,  biflagellate,  and  triflagellate  forms 
as  different  genera. 

Generic  characters.-  —Small  Umax-Like  forms  with  no  essential  mor- 
phological differences  from  Vahlkampfia,  except  for  the  fact  that  the 
adult  amoebae  acquire  and  lose  flagella  under  conditions  not  fully 
recognized.  They  are  viable,  possess  one  contractile  vacuole  and  a 
single  nucleus  of  the  limax  type.  The  flagellated  stage  with  definite 
oval  form.  Nuclear  division  promitotic;  division  of  the  flagellate 
stage  unknown  in  the  majority  of  cases.  • 
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Niigleria  punctata  Dangeard. 

Dangeard,  P.,  1910.     Etudes  Sat  le  developpement  et  la   structure  des  organ- 

isnies  inferieurs.     Le  Botaniste  Vol.  2. 
Wasielewsky    und    Hirschfeld,    1910.      Untersuchungen    uber    Kulturamoben. 

Abh.  Heidelberg.  Ak.  Bd.  1. 

With  the  characters  of  the  genus.  Size  about  25ja;  nucleus  with 
a  distinct  karyosome;  flagella  two  in  number,  equal  in  length  and 
about  as  long  as  the  cell  body.  The  nucleus  of  the  flagellated  forms  is 
at  the  anterior  end  of  the  cell  near  the  base  of  the  flagella,  while  the 
contractile  vacuole  is  posterior.  Cysts  uninucleate,  smaller  than  the 
adults.     Division  promitotic.     Habitat  pond  water. 

Wasielewsky  and  Hirschfeld,  1910,  have  described  somewhat  simi- 
lar flagellated  stages  in  an  amoeba  from  hay  and  in  one  from  tan 
bark. 

Genus  Paramoeba  Scbaudinn. 

Schaudinn,  F,,  1S96,  Ueber  die  Zeugungkreis  von  Paramoeba  Eilhardi. 

This  genus  was  created  by  Schaudinn  for  an  amoeba  found  by  him 
in  a  salt-water  aquarium.  It  is  characterized  by  a  peculiar  relation 
of  nucleus  and  accessory  body  which  Schaudinn  called  the  Neben- 
korper. The  latter  divides  first  into  many  parts  and  then  the  nucleus 
divides  into  as  many  parts  as  there  are  portions  of  the  Nebenkorper. 
The  genus  is  further  characterized  by  the  formation  of  swarmers 
with  two  flagella,  two  chroma  tophores  and  a  pigmented  "  eye-spot " 
or  stigma.  The  flagellates  increased  by  longitudinal  division  recall- 
ing in  morphology  and  division  the  small  flagellate  Cryptomonas. 
The  observations  need  confirmation.  Paramoeba  eilhardi  Schaudinn. 
The  single  species  known,  with  the  characters  of  the  genus. 

Genus  Craigia  Nov.  gen. 

Craig,  1906,  observed  a  small  amoeba  in  the  human  intestine  in  six 
cases  of  chronic  diarrhoea.  He  named  it  Paramoeba  hominis  because 
of  the  presence  of  an  accessory  body  which  he  compared  with  the 
Nebenkorper  of  P.  eilhardi  and  the  formation  of  flagellated  swarmers. 
The  identity  of  the  accessory  body  with  the  Nebenkorper  is  question- 
able while  the  single  flagellum  of  the  swarmers  is  sufficient  to  throw 
it  out  of  the  genus  named  by  Schaudinn.  For  these  reasons  I  propose 
to  give  it  a  new  generic  name — Craigia — after  its  discoverer. 

Generic  characters. — Small,  free-living  or  parasitic  amoebae  with 
a  uniflagellated  swarmer  stage.  Amoeba  stage  from  10-25jjl  with 
little  differentiation  into  ectoplasm  and  endoplasm  when  quiet  but 
with  anterior  ectoplasm  in  movement.  The  endoplasm  with  or  with- 
out an  extrannclear  body  recalling  the  Nebenkorper  of  Paramoeba. 
The  flagellated  stage  with  a  single  flagellum. 
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C.  hominis  Craig. 

Synonym  :  Paramoeba  hominis  Craig. 

Cm  is,  C.  F.,  1900.     In  Amor.  Jour,  of  the  Med.  Sciences,  1906. 
Cniig,  C.  F.,  1910.    Further  Observations  on  Paramoeba  hominis,  an  [ntestlnal 
Parasite  of  Man.  Arch,  of  Intern.  Med.     Vol.  6,  p.  1. 

With  the  characters  of  the  genus.  Endoplasm  granular  with  acces- 
sory body  interpreted  by  Craig  as  Nebenkorper,  but  this  is  not  satis- 
factorily demonstrated.  Flagellated  form  smaller  than  the  amoebic 
stage  (10-20[jl),  spherical  with  slight  conical  protuberance  at  the 
base  of  the  flagellum.  Multiplication  of  the  flagellates  by  longi- 
tudinal division,  including  division  of  the  motile  organ.  Cysts  from 
15— 18jj.  in  diameter,  spherical,  with  the  usual  double  membrane. 
Reproduction  by  simple  division  in  amoebic  and  flagellated  stages, 
and  by  swarmer-formation  within  the  cysts.  Habitat  human  intes- 
tine, where  it  possibly  causes  a  chronic  diarrhoea.  Confirmation 
needed. 

('.  pigmenlifera  Grassi,  1881. 
Synonym : 

Paramoeba  pigmentifera  Janicki. 

Amoeba  pigmentifera  Grassi. 
Grassi,  G.  B.     See  following  bibliography. 
Janicki,  C.     See  following  bibliography. 

Small  forms  only  30ja  in  diameter.  Movement  slow,  endoplasm 
highly  granular,  ectoplasm  visible  only  at  point  of  pseudopodia 
formation.  The  nucleus  is  difficult  to  see  in  life.  Nebenkorper  larger 
than  the  nucleus  and  covered  with  a  black  pigment.  Flagellate  stage 
with  a  single  flagellum,  Nebenkorper  and  nucleus.  As  in  Paramoeba 
eilhardi  the  flagellates  reproduce  by  division  (Janicki).  Body  cavity 
of  Chaetognatha. 

G.  chaetognathi  Grassi. 

Synonyms:  Amoeba    chaetognathi    Grassi.      Paramoeba    chaetognathi    Janicki. 

Grassi,  G.  B.,  1881.  Intorno  ad  alcuni  protisti  endoparassitici,  etc.  Atti  Soc. 
Ital.  Sc.  Nat.     Vol.  24. 

Janicki,  C,  1912.  TJntersuchungen  an  parasitischen  Arten  der  Gattung  Para- 
moeba Schaudinn.    Verh.  d.  Naturf.  Ges.  in  Basel.  Bd.  23. 

Smaller  form  than  the  preceding  (18jjl).  Protoplasm  and  inclu- 
sions similar  to  those  of  the  preceding.  Nebenkorper  not  visible  in 
life.  Flagellate  stage  similar  to  the  preceding.  Life  history  un- 
known.    Body  cavity  of  Chaetognatha. 

Genus  Trimastigamoeba  Whitmore. 

Single  species  T.  philippinensis  Whitmore. 

Whitmore,  E.  R..  1911.    Studien  iiber  Kultur.unoben.    Arch.  f.  Prot.  Vol.  23.  p.  81. 

Amoeboid  form  of  Umax  type  from  16—18^  in  diameter.  Ectoplasm 
not  distinct  from  endoplasm,  except  in  advancing  pseudopodium. 
Contractile  vacuole  present  in  posterior  end  of  body.    Ordinary  vege- 
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tative  forms  change  into  flagellated  forms.  The  latter  have  three 
equal  flagella.  are  oval  and  elongate  from  16—22^  in  length  with 
nucleus  in  the  anterior  end.    Habitat  tap  water,  Manila. 

Genus  Entamoeba,  Leidy. 
Synonyms : 

Amoeba  Lqesch. 

Endamocba  Leidy. 

Entamoeba  Casagrandi  and  Barbagallo. 

Loschia  Chatton. 

Proctamoeba  (Alexieff)    (in  part). 

The  present  genus  was  established  by  Leidy  in  1879,  although  with 
slightly  different  orthography,  the  name  given  by  him  being  Enda- 
moeba.  The  significance  is  identical,  and  Leidy  therefore  should 
have  credit  for  the  name.  In  this  country  we  use  the  form  end 
rather  than  ent  for  terms  like  endoderm,  endoplasm,  etc.,  while  in 
Europe  the  form  is  entoderm,  entoplasm,  etc.  Without  considering 
the  academic  question  as  to  which  form  is  the  more  accurate,  the  fact 
remains  that  endamoeba  was  the  original  name,  Casagrandi  and  Bar- 
bagallo in  1897  using  the  form  entamoeba  without  reference  to 
Leidy's  priority.  We  agree  with  Chatton  therefore  in  crediting 
Leidy  with  the  generic  name,  but  accept  the  form  given  by  Casa- 
grandi and  Barbagallo  and  adopted  by  Schaudinn. 

A  great  deal  of  a  priori  reasoning  has  been  invoked  to  prove  that 
all  pathogenic  and  parasitic  forms  of  amoeba  are  not  viable  on 
protozoan  agar  or  other  culture  media,  while,  on  the  other  hand, 
cultivated  forms  from  diseased  entera  are  often  dismissed  as  being 
free-living  forms  which  in  the  encysted  state  have  passed  through 
the  alimentary  tract  without  entering  upon  the  vegetative  stages. 
On  purely  a  priori  grounds,  however,  and  with  the  possible  exception 
of  E.  histolytica  and  tetragena,  there  is  no  reason  why  parasitic 
forms  should  not  be  cultivated  on  agar.  Nor,  on  the  other  hand,  is 
there  any  reason  why  free-living  forms  should  not  become  adapted 
to  life  on  bacteria  in  the  digestive  tract,  since  this  is  the  only  obvious 
way  in  which  pathogenic  forms  originally  must  have  acquired  their 
parasitic  mode  of  life.  We  must  seek  some  other  means  than 
viability  for  identifying  parasitic  and  pathogenic  forms  from  those 
which  are  normally  free  living,  and  here,  as  in  all  other  kinds  of 
protozoa,  the  full  life  history  must  first  be  known.  In  lieu  of  this, 
the  differences  in  morphology,  especially  of  nuclei,  mitotic  figures, 
and  crysts  may  be  provisionally  accepted. 

Generic  characters. 

Commensal,  parasitic,  or  pathogenic  amoeba  living  a  vegetative 
life  in  the  digestive  tracts  of  different  animals  from  man  to  lower 
invertebrates.  Size  usually  small  (from  10  to  50[x)  ;  ectoplasm  more 
or  less  well  defined;  endoplasm  clear,  or  finely  granular,  or  with 
large  granules  of  volutin,  or  with  chromidia.     Contractile  vacuoles 
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usually  absent.  Nuclei  vesicular  with  or  without  definite  karyosomes. 
Nuclear  division  mesomitotic  or  mitotic.  Reproduction  by  simple 
division,  by  budding,  or  by  spore  formation.  Life  history  known 
in  only  a  few  forms;  sexual  processes  autogamic  when  known.  Com- 
mensal forms  probably  viable;  cytolytic  forms  probably  not. 

Type  species  Entamoeba  blattae  Biitschli,  1878. 

IJiUsclili,  O.    1878.    Beitriige  zur  Kenntnis  der  Flagellaten  u.  einiger  verwand- 

ten  Organisinen.    Zeit.  wiss.  Zool.    Bd.  30,  p.  205. 
Elmassian.     1909.     Sur  l'Amoeba  blattae.     Morphologie,  Generation.     Arch.  f. 

Prot.    Bd.  16,  p.  143. 
Janicki,  C.     1908,     Contrib.  alia  canoscenza  di  alcuni  Protozoi  parassiti  della 

Periplaneta  orientalis.    Atti  d.  Iteale  Acad,  dei  Lincei.     Vol.  17. 
Janicki,  C.     1909.     Ueber  Kern  und  Kerntbeilung  bei  Entamoeba  blattae  Btit. 

Biol.  Cent.    Vol.  39,  p.  381. 
Leidy,  J.    1879.    On  Amoeba  blattae.    Proc.  Ac.  Nat.  Sc.  Philadelphia,  Oct.,  1879. 
Mercier,  L.    1909.    Le  cycle  evolutif  d'Amoeba  blattae  But.    Arch.  f.  Prot.    Bd. 

16,  p.  165. 
Mercier,  L.     1910.     Beitriige  zur  Kenntnis  der  Amoeba  blattae  u.  A.  proteus. 

Arch.  f.  Prot.    Bd.  6,  p.  1. 

Single  individuals  from  12-50u,,  but  may  become  much  larger 
{*80-100[a).  The  living  forms  show  little  evidence  of  ectoplasmic 
differentiation,  but  the  endoplasm  is  marked  by  fairly  definite  stria- 
ta ons.  The  single  nucleus  has  a  definite  peripheral  layer  of  chro- 
matin and  a  small  karyosome.  Multinucleate  forms  are  also  common. 
Contractile  vacuoles  numerous.  Transparent  multinucleated  cysts 
are  formed  with  from  20-30  nuclei.  According  to  Mercier,  these  are 
gamete-forming  cysts  which  give  rise  to  minute  uninucleate  gametes 
which  conjugate  outside  the  cyst,  the  copula  developing  into  the 
ordinary  vegetative  forms.  Vegetative  reproduction  by  simple  divi- 
sion.   Habitat,  end  gut  of  various  species  of  cockroaches. 

E.  ranarum  Grassi,  1881. 

Synonym :  Amoeba  ranarum  Grassi. 

Dobell,  C.  C.    1909.    Researches  on  the  intestinal  parasites  of  frogs  and  toads. 

Q.  J.  M.  S.    Vol.  53,  n.  s. 
Grassi,  G.  B.     1881.     See  bibliography  p.  — . 

Size  variable  from  very  minute  forms  (buds  ?)  3-5[j.  up  to  a 
medium  size  of  20-40jji.  and  occasionally  60pi.  Movement  similar  to 
that  of  limax  forms.  Protoplasm  very  fluid  with  many  vacuoles 
and  wTith  one  spherical  nucleus.  Reproduction  by  simple  division  or 
by  spore  formation  within  a  cyst,  four  spores  being  formed  (Dobell). 
Hartmann  describes  an  autogamous  sexual  cycle.  Habitat  stomach  to 
end  gut  of  frogs. 

E.  testudinis  Hartmann. 

Hartmann,  M.    1910.    Ueber  eine  neue  Darmamoebe.     E.  testudinis.     Mem.  do 
Institute  Oswaldo  Cruz.    Vol.  2. 

Size  from  5O-70pi.  Ectoplasmic  differentiation  distinct.  Endoplasm 
filled  with  vacuoles  and  food  particles  in  various  stages  of  diges- 
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tion.  Nucleus  visible  in  life,  from  spherical  to  oval  shape,  with 
fine  peripheral  granules  of  chromatin,  central  spongy  mass  corre- 
sponding to  a  karyosome,  and  a  distinct  nuclear  membrane.  Repro- 
duction unknown.    Habitat,  digestive  tract  of  turtle. 

E.  buccalis  Prowazek. 
Synonyms : 

Amoeba  buccalis  Steinberg. 

Amoeba  pulmonalis  Artault. 
Prowazek,  P.     1904.    Entamoeba  buccalis.  Arbeit,  a.  d.  Kais.  Gehundheits.  Bd.  21. 
Leyden,   1905.     In   Lowentbal   Entamoeba   buccalis   Prow,    in   einem   Fall   von 
Carcinom  des  Mundbodens.     Cbarite  Annalen  Bd.  29. 

Small  active  forms  from  6-32[a.  Ectoplasm  and  endoplasm  differ- 
entiated when  organisms  are  at  rest.  Endoplasm  filled  with  gastric 
vacuoles;  contractile  vacuole  absent.  Nucleus  small,  with  karyo- 
some, centriole  and  peripheral  chromatin.  Nuclear  division  evi- 
dently promitotic,  but  not  sufficiently  studied  for  definite  statement. 
Spore  formation  probable.  Habitat  carious  teeth;  also  found  in 
mouth  carcinoma,  and  possibly  in  lungs  (Artault  1898,  A.  pulmon- 
alis). 

E.  Kartulisi  Doflein. 

Synonym :  E.  mawillaris  Kartulis. 

Doflein,  F.  1901.     Die  Protozoen  als  Parasiten  und  Krankbeitserreger. 

Doflein,  F.  1911.    Lebrbucb  der  Protozoenkunde. 

Size  from  30-38[a.  Ectoplasm  not  clearly  differentiated;  endo- 
plasm filled  with  large  granules.  Movement  active  with  long  finger 
formed  pseudopodia  recalling  the  "  tentacles  of  a  snail."  Nucleus 
small  with  definite  karyosome,  not  visible  in  life.  Contractile  vacuole 
absent.  Reproduction  unknown.  Habitat,  man;  first  found  in  a 
tumor  of  the  lower  jaw  in  Egypt  (Kartulis)  and  in  America  (Flex- 
ner).  The  organisms  occur  not  only  in  the  abscess  fluid  but  also  in 
the  deeper  bony  tissues.    Possibly  related  to  E.  histolytica. 

E.  urogenitalis  Baelz. 

Balz,  1883.     In  Berliner  klin.  Wocbenscbr.,  p.  237. 
Jurgens,  1892.    In  Deutsch.  mediz.  Wocbenscbr.,  p.  454. 

Kartulis,  1893.     Ueber  patbogene  Protozoen  bei  dem   Menscben.     Zeits.   Hyg. 
und  Inf.     Bd.  13,  p.  2. 

Posner,  1893.  Ueber  Amoben  im  Harn.  Berlin  Klin.  Wocbenscbr.  Bd.  30,  p.  674. 
Size  from  22-50pi.  Movement  slow  by  means  of  short  pseudopodia. 
Endoplasm  highly  granular  with  one  or  more  nuclei.  Red-blood 
corpuscles  also  found  in  endoplasm.  Reproduction  unknown.  Habi- 
tat mucous  membrane  of  the  human  bladder.  Possibly  related  to 
E.  histolytica. 
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E.  histolytica  Schaudinn. 

Synonym:  Amoeba  dysenteriae  Councilman  ;iI|d  Lafleur. 

Schaudinn,  F.     1903.     See  bibliography  p.  — . 

Craig,  C.  F.     1912.     See  below  p.  — . 

Since  Councilman  and  Lafleur's  description  of  "Arruxba  dysen- 
teriae  "  was  inadequate  to  enable  us  to  distinguish  to-day  the  organ- 
ism with  which  they  worked,  we  accept  the  subsequent  names  "  his- 
tolytica "  and  "tetragena  "  given  by  Schaudinn  and  Viereck.  This 
was  the  first  amoeba  to  be  distinguished  as  pathogenic  from  the 
harmless  E.  coli  by  the  careful  observations  and  experiments  of 
Schaudinn.  Like  E.  tetragena,,  it  is  a  cause  of  pernicious  or  tropical 
dysentery. 

Many  recent  observers  claim  that  histolytica  and  tetragena  are 
the  same ;  others,  notably  Craig,  find  a  distinct  difference  in  appear- 
ance and  life  history. 

Size  from  20-30[j.  (Doflein),  10-70>  (Craig).  Movement  active 
by  means  of  blunt  or  finger  formed  pseudopodia  which  are  refrac- 
tive and  clearly  distinguished  from  the  rest  of  the  cell.  Endoplasm 
granular  and  contains  numerous  vacuoles  and  ingested  red-blood 
corpuscles  when  the  latter  are  present  in  the  fa3ces.  Contractile 
vacuole  absent.  Nucleus  difficult  to  see  in  life,  contains  but  little 
chromatin,  and  has  a  minute  karyosome.  It  is  ex-centric  in  position, 
usually  lying  against  the  cell  membrane.  A  definite  nuclear  mem- 
brane is  absent.  Reproduction  by  simple  division,  by  budding,  and 
by  permanent  spore  formation.  The  latter  are  formed  by  budding, 
contain  chromidia  and  are  covered  by  a  brown  cyst  wall.  Life  his- 
tory still  unknown.  Habitat,  human  digestive  tract,  causing  acute 
enteritis  and  abscess  formation  in  various  organs. 

E.  tetragena  Viereck. 

Synonyms : 

Entamoeba  africana  Hartmann. 
Viereckia  tetragena  Chatton. 

Chatton,   E.   et   Lalung-Bonnaire  1912.     Amibe  limax    (Vahlknmpfia   n.   gen.) 
dans  l'intestin  humain.  Bull,  de  la  Soc.  de  Path.  Exot.  Vol.  5,  p.  135. 

Craig,  C.  F.  1911.    Entamoeba  tetragena  as  a  cause  of  Dysentery  in  the  Philip- 
pine Islands.    Arch,  of  Intern.  Med.  Vol.  7,  p.  362. 

Hartmann    and    Prowazek.    1907.      Blepharoplast.    Karyosom    nnd    Centrosom. 
Arch.  f.  Prot.  Bd.  10.  p.  312. 

Viereck,  H.  1906.     Ueber  Amobendysenterie.  Med.  Klinik.  1906.  No.  41. 

Viereck,  H.  1907.     Studien  (iber  die  den  Tropen  erworbene  Dysenteric  Arch, 
f.  Schiffs.  und  Tropenhyg.  Bd.  2.  Beiheft  1. 

According  to  recent  research  this  seems  to  be  the  most  common 
cause  of  tropical  dysentery.  It  measures  from  8— 60pL,  has  lobose  or 
finger-formed  pseudopodia,  which  are  distinctly  refractile  and  well 
differentiated  from  the  rest,  of  the  cell.  Endoplasm  granular  and 
contains  red-blood  corpuscles  when  the  latter  are  present  in  the 
faeces.     The  nucleus  is  distinctly  visible  in  life  and  has  a  definite 
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double-contoured  membrane  lined  by  chromatin.  A  large  karyosome 
is  present  and  a  distinct  centriole.  Reproduction  by  simple  division 
and  by  spore  formation  preceded  by  autogamous  fertilization.  The 
result  of  fertilization  is  the  formation  of  cysts  with  four  amoeboid 
uninucleated  spores.  The  latter  number  is  the  chief  distinguishing 
feature  between  tetragena  and  E.  coli,  the  latter  having  eight  spores. 
The  vegetative  characters  are  so  similar  to  those  of  E.  histolytica 
that,  until  the  life  history  of  the  latter  is  known,  some  doubt  must 
still  remain  as  to  its  specific  difference.  If  this  history  shows  iden- 
tity between  the  two,  then  the  name  tetragena  must  be  abandoned 
and  histolytica  retained.  Habitat,  human  intestine,  causing  acute 
tropical  dysentery. 

E.  coli,  Losch,  emend  Schaudinn. 

Synonyms : 

Amoeba  coli  Losch. 
Amoeba  lobospinosa  Craig. 

Casagrandi  and  Barbagallo,  1897.     Entamoeba  hominis,  etc.     Ann.  Ig.  sperim. 
Vol.  5,  p.  103. 

Craig,  C.  F.     1912.     Observations  upon  the  Morphology  of  Parasitic  and  Cul- 
tural Amoebae.    Jour.  Med.  Res.    Vol.  26,  No.  1. 

Kartulis.      1905.      Die   Amobendysenterie.      Kolle    u.    Wassermann   Handb.    d. 
Pathog.  Mikroorg.    1  Erg.  Bd.    p.  347. 

Bosch,  F.    1875.     Massenhafte  Entwickdung  von  Amoben  im  Dickdarm.    Virch. 
Arch.  f.  pathog.  Anat.  Bd.    65.    p.  196. 

Schaudinn,   F.     1903.     Untersuchungen  uber  die  Fortpflanzung  einiger  Rhizo- 
poden.    Arb.  a.  d.  Kais.  Gesundheitsamte  Bd.    19. 

Average  size  from  25-35[a,  but  varies  from  7-70pi.  Movement  is 
sluggish  by  protrusion  of  small  blunt  pseudopodia  not  well  differen- 
tiated from  the  rest  of  the  cell.  General  appearance  glassy  or  trans- 
parent and  with  a  gray  tone.  The  endoplasm  is  finely  granular  with 
noncontractile  vacuoles.  Reproduction  by  simple  division,  or  by 
multiple  division,  in  which  the  nucleus  fragments  into  eight  parts, 
each  part  becoming  the  nucleus  of  an  amoeboid  spore.  Fertili- 
zation autogamous,  resulting  in  cyst  formation,  each  cyst  containing 
eight  nuclei.  After  infection  of  a  new  host  these  amoeboid  germs 
emerge  from  the  cyst  as  minute  amoeboid  swarm  spores.  The  cysts 
measure  about  15\l.  Habitat,  human  intestine,  where,  as  a  harmless 
commensal,  it  lives  on  bacteria. 

E.  muris  Grassi. 

Synonym :  Amoeba  muris  Grassi. 

Grassi,  G.  B.     1881.     See  bibliography  p.  — . 

Wenyon,  C.  W.     1907.     Observations  on  the  Protozoa  in  the  Intestine  of  Mice. 
Arch.  Prot.  Suppl.    1,  p.  109.  % 

Small  forms  up  to  40>.     Movement  slow  or  rapid,  according  to 

temperature.     Pseudopodium  formation  of  the  Umax  type.     Ecto- 

plasmic  layer  narrow  and  distinctly  visible  only  in  the  pseudopodium. 

Endoplasm  granular  with  large  gastric  vacuoles  containing  a  variety 
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of  food  matters.  Nucleus  visible  in  life;  it  is  spherical  and  has  a 
thick  membrane.  The  chromatin  is  scanty  and  distributed  as 
granules  about  the  periphery.  A  karyosome  lies  in  an  achromatic 
network.  Reproduction  by  division  and  by  sporulation  within  cysts. 
The  latter  are  spherical  or  oval,  from  12— 14jjl  in  diameter.  Matura- 
tion and  autogamous  fertilization  occur  within  the  cyst,  resulting  in 
eight  nuclei,  which  probably  form  the  nuclei  of  eight  spores. 
Habitat,  intestine  and  coecum  of  the  mouse. 

E.  Intestinalis  Walker,  1908. 
Walker,  E.  L.     1908.     See  below. 

Williams,   A.   W.     1911.     Pure   Cultures   of  Amoebae   parasitic   in   Mammals, 
Jour.  Med.  Res.    Vol.  25\  p.  263. 

Medium-sized  forms  of  the  coli  type.  Ectoplasm  and  endoplasm 
distinct ;  nucleus  with  large  karyosome  which  furnishes  the  chromatin 
of  the  nuclear  plate.  Division  of  the  nucleus  mesomitotic.  Highly 
phagocytic,  red-blood  corpuscles  taken  up  with  avidity.  Reproduc- 
tion by  division  and  by  budding.  Life  history  unknown.  Habitat, 
intestine  of  rabbit  and  dog.    Viable. 

E.  cobayae  Walker,  1908. 

Walker,  E.  L.     1908.    The  parasitic  Amoebae  of  the  Intestinal  Tract  of  Man 
and  other  Animals.    Jour.  Med.  Res.    Vol.  17,  p.  445. 

Similar  in  all  respects  to  E.  intestinalis.  Habitat,  intestine  of 
guinea  pig.    Viable. 

Note. — In  the  review  of  species  given  above  it  is  probable  that  a 
number  of  types  have  been  omitted  or  overlooked.  If  such  is  the  case 
I  apologize  in  advance  and  plead  that  no  slight  has  been  intentional, 
the  absence  of  literature,  especially  in  medical  journals,  making  itf 
impossible  to  cover  the  entire  field  in  the  short  time  at  my  disposal. 
A  mere  glance  through  the  preceding  pages  shows  the  need  of  a 
modern  and  thorough  monograph  of  the  free  and  parasitic  amoebae, 
and  the  writer  will  be  very  glad  to  undertake  such  a  monograph  if  he 
can  have  the  cooperation  of  the  various  students  of  the  group. 


THE   CULTIVATION   OF   AMEBAE. 

By  Dr.  Gary  N.  Calkins, 
Professor  of  protozoology,  Columbia  University,  New  York  City. 

The  time  is  now  past  when  one  or  a  few  individuals  of  protozoa 
suffice  to  justify  the  publication  of  a  new  species  or  a  description  of 
normal  processes.  To-day  the  protozoologist,  no  less  than  the  cytolo- 
gist  working  in  cellular  biology,  must  base  his  conclusions  on  vital 
activities  or  structural  peculiarities  of  protozoa  upon  the  study  of 
66692— vol  2,  pt  1—13 20 
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thousands  of  cells.  To  obtain  these,  "  cultures  "  are  necessary,  and 
the  development  of  cultural  technique  is  one  of  the  most  recent  lines 
of  work  in  protozoology. 

There  is  the  greatest  latitude  in  the  use  of  the  word  culture  as 
applied  to  protozoa.  In  general,  it  signifies  an  accumulation  of  one 
species  under  environmental  conditions  favorable  for  the  active 
growth  and  multiplication  of  that  species,  but  we  frequently  hear  the 
term  used  to  mean  a  rich  collection  of  protozoa  of  many  kinds.  Very 
often  Ave  find,  in  natural  waters  or  infusions,  vast  numbers  of  a 
single  species ;  such  "  natural  cultures  "  are  eagerly  sought  by  the 
protozoologist  and  quantities  of  "  material  "  of  Noctiluca  or  Peridin- 
ium  in  sea  water,  or  of  Colpidium,  Paramecium,  Vorticella,  Spirosto- 
mum,  Chilomonas,  and  other  forms  of  ciliates  and  flagellates  are  thus 
obtained.  Such  "  natural  cultures,"  however,  make  of  the  protozoolo- 
gist too  much  of  an  opportunist  and  "  artificial  culture  "  methods 
have  been  devised  to  supply  the  demand  for  quantities  of  material 
at  will. 

The  secret  of  making  artificial  cultures  consists  in  finding  the 
appropriate  food  of  the  organism  to  be  studied.  When  such  food  is 
the  bacteria  of  pond  water,  for  example,  the  problem  is  simple,  and 
tens  of  thousands  of  Colpidium,  Paramecium,  Vorticella,  Stylonychia, 
etc.,  can  be  raised  from  one  individual  in  a  few  weeks.  When  the 
food  is  specific,  the  difficulty  is  greater.  Then  food  habits  must  be 
studied  and  the  specific  food  required  raised  in  abundance.  In  this 
way  we  have  learned  to  cultivate  ciliated  protozoa  of  many  kinds — 
Didinium  on  Paramecium,  Spathidium  on  Colpidium,  Actinobolus 
on  Halteria,  etc. — through  hundreds  of  generations. 

It  may  be  stated  without  exaggeration  that  probably  every  type 
of  protozoa  can  be  cultivated  artificially,  and  this  generalization 
applies  in  the  case  of  our  present  subject,  Amoeba.  Experience 
has  shown  that  with  these  rhizopods,  as  with  the  infusoria,  some  lend 
themselves  readily  to  the  culture  methods,  while  others,  thus  far, 
have  given  negative  results.  This  is  true  of  the  largest  and  finest 
specimens  of  amoebae,  viz,  A.  proteus,  A.  vespertilio,  A.  ftava,  etc. 
Nevertheless,  these  forms  frequently  appear  in  great  abundance  in 
"  natural  cultures,"  and  it  is  only  a  matter  of  time  and  research  to 
discover  the  conditions  under  which  they  thrive. 

Amoebae  which  have  been  cultivated  on  artificial  media  have  been 
in  all  cases  those  forms  which  normally  feed  on  bacteria.  The  methods 
of  cultivation,  especially  in  the  hands  of  the  bacteriologists,  have 
become  more  and  mora  perfected  until  now  it  is  possible  to  obtain 
"pure  cultures"  of  certain  types.  Williams  (1911)  distinguishes 
three  types  of  amoeba  cultures  as  1,  mixed  cultures;  2,  pure  mixed 
cultures;  and  3,  pure  cultures;  and  full  accounts  of  the  many  methods 
that  have  been  employed  in  getting  such  cultures  may  be  found  in 
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the  works  of  Behla  (1898),  of  Vahlkampf  (1906),  Musgrave  and 
Clegg  (1906),  and  Walker  (1908). 

Mixed  cultures  of  amoebae  have  furnished  material  for  study  since 
the  time  of  Auerbach,  in  1856,  but  until  comparatively  recent  years 
little  effort  was  made  to  study  a  single  species.  This  became  pos- 
sible when  "pure  mixed  cultures"  were  used  in  which  a  single  strain 
of  amoeba  was  grown  with  a  single  species  of  bacteria  as  food.  The 
great  majority  of  papers  on  the  cultivation  of  amoebae  have  been 
based  upon  this  type  of  culture,  which  from  the  zoological  standpoint 
is  perfectly  satisfactory.  A  common  way  of  starting  cultures  of 
water-dwelling  amoebae  is  to  seed  sterile  straw  or  hay  infusions  with 
specimens  of  the  amoeba  desired.  This  was  the  method  of  Auerbach 
and  the  earlier  investigators.  A  better  way  is  to  seed  the  desired 
amoebae  on  some  gelatinous  medium,  such  as  agar  or  gelatine,  to 
which  sterile  hay  or  straw  infusion  may  be  added.  The  amoebae  grow 
in  the  water  of  condensation  or  on  the  more  solid  substance,  from 
which  they  can  be  picked  out  and  transplanted  until  "  pure  mixed 
cultures  "  result.  In  general  a  medium  should  be  employed  on  which 
bacteria  do  not  grow  rapidly.  Casagrandi  and  Barbagallo,  in  1898, 
found  that  Fucus  crispus,  5  per  cent  strong,  when  made  distinctly 
alkaline,  keeps  bacteria  down  and  gives  a  good  medium  for  many 
kinds  of  amoebae.  They  found  that  Entamoeba  coli  and  E.  blattae, 
however,  would  not  grow  on  such  media,  and  came  to  the  conclusion 
that  "  only  free-living  amoebae  having  a  contractile  vacuole  "  can  be 
grown  in  artificial  cultures.  Frosch,  in  1898,  cultivated  earth  amoebae 
(limax  type)  on  a  variety  of  media,  the  most  satisfactory  consisting 
of  \  gram  agar,  10  grams  alkaline  bouillon,  and  90  grams  water. 
Tsujitani  (1898)  made  successful  cultures  on  a  medium  consisting  of 
1  to  1.5  grams  agar,  20  grams  nutrient  bouillon,  and  80  grams  water. 
This  was  filtered,  made  alkaline,  and  sterilized. 

The  results  of  these  earlier  workers  showed  in  general  that  a  num- 
ber of  artificial  nutrient  media  may  be  suitable  for  the  cultivation  of 
amoebae;  that  a  certain  alkaline  reaction  is  necessary;  and,  appar- 
ently, that  bacteria  are  absolutely  necessary.  The  latter  conclusion, 
however,  was  weakened  by  the  observation  of  Tsujitani,  who  found, 
in  1898,  that  one  species  of  amoeba  would  grow  on  the  dead  bodies  of 
one  species  of  bacteria. 

Vahlkampf,  somewhat  later,  pointed  out  that  the  number  and 
variety  of  media  on  which  amoebae  would  grow  are  practically  un- 
limited, and  that  too  much  stress  is  often  laid  upon  the  exact  com- 
position, and  even  upon  the  alkalinity,  an  acid  reaction,  in  some  cases 
giving  satisfactory  results.  He  used  a  number  of  media,  both  fluid 
and  solid,  getting  favorable  results  with  all  in  connection  with  his 
excellent  studies  on  Vahlkampfia  (Amoeba)   Umax,  the  first  of  the 
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free  living  limax  types  to  be  carefully  and  accurately  studied.     He 
used  as  solid  media  the  following  combinations : 

1.  Heyden  Nahrstoff,  1  to  2  grams ;  agar,  1.5  grams ;  tap  water,  100  grams. 

2.  Somatose,  1  to  2  grams;  agar,  1.5  grams;  tap  water,  100  grams. 

3.  Nutrose,  1  to  2  grams;  agar,  1.5  grams;  tap  water,  100  grams. 

4.  Witte's  peptone,  1  to  2  grams;  agar,  1.5  grams;  tap  water,  100  grams. 

5.  Agar,  1.5  grams;   tap  water,  100  grams. 

6.  Fucus  crispus,  5  grams;  tap  water,  100  grams. 

The  bacteria  used  by  Yahlkampf  were  Bac.  subtilis,  alvei, 
tumescens,  and  B.  asterosperus.  The  best  results  were  obtained  by 
seeding  in  shallow  Petri  dishes  which  permit  of  daily  microscopical 
examination. 

The   standard  present-day   agar-method  of  making   pure   mixed 

cultures  was  successfully  used  by  Musgrave  and  Clegg  (1904),  and 

is  now  generally  employed.    The  medium  is  made  up  as  follows : 

Agar,  20  grams;  Witte's  peptone,  1  gram;  Liebig's  beef  extract,  0.1  gram; 
sodium  chloride,  1  gram;  distilled  water,  1,000  grams. 

These  are  dissolved  by  boiling  or  by  autoclaving,  and  then  made 
1  to  1.5  per  cent  alkaline  by  titration  to  phenolthalein,  using  sodium 
hydrate.  This  is  cleared  with  the  whites  of  two  eggs  and  filtered. 
The  filtrate  is  sterilized  and  tubed,  and  is  ready  for  use  either  as 
slants  or  in  Petri  dishes.  The  surface  is  streaked  with  the  material 
containing  the  desired  amoeba  and  left  in  room  temperature. 

In  place  of  agar,  some  observers  find  albumen  water  an  excellent 
medium.  Behla,  in  1898,  described  some  early  work  by  Balsamo 
Crivelli  and  Maggi,  who  cultivated  an  amoeba  (which  they  called 
A.  albuminis)  on  a  nutrient  medium  of  albumen,  with  or  without  the 
addition  of  weak  carbolic  acid.  He  further  quotes  Rina  Monti,  who 
used  a  similar  medium  consisting  of  a  solution  of  albumen  in  dis- 
tilled water,  two  parts  albumen  to  one  of  water  acidified  by  carbolic 
acid.  Quite  recently  Gliiser  has  had  excellent  results  with  free  living 
amoebae  by  using  a  few  drops  of  albumen  (2  to  3)  in  a  6  cm  watch 
crystal  of  tap  water  into  which  a  piece  of  agar  with  amoebae  is 
dropped.  Enormous  quantities  of  amoebae  were  obtained  in  three 
days  at  room  temperature.  Glaser  does  not  recommend  this  for  pure 
culture  work,  but,  for  cover  glass  smears  with  thousands  of  amoebae, 
he  regards  it  as  superior  to  solid  media  cultures. 

A  number  of  limax  types,  capable  of  living  on  agar,  pass  into  a 
flagellated  stage.  Such  forms  have  been  described  by  Wasielewsky 
and  Hirschfeld  in  1910,  by  Whitmore  in  1911,  and  by  Alexeieff  in 
1912.  The  former  used  an  albumen  medium  and  Whitmore  the  alka- 
line agar  method  of  Musgrave  and  Clegg;  the  latter  finding  that 
flagellated  stages  of  his  Trimastig amoeba  philippinensis  could  be 
raised  from  the  ordinary  cysts  and  vegetative  forms  by  flooding  his 
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agar  plates  with  a  few  cubic  centimeters  of  tap  water,  the  swimming 
forms  appearing  in  about  2  hours,  becoming  very  numerous  in  4 
hours,  and  returning  to  the  amoeboid  phase  after  20  hours. 

Although  "  pure  mixed  cultures  "  are  perfectly  satisfactory  for  the 
ordinary  amoeba  culture,  the  question  arises:  Can  pure  cultures  in  a 
bacteriological  sense  be  made  and  continued  in  transplant  genera- 
tions ?  A  number  of  a  priori  arguments  have  been  raised  against  the 
possibility  of  this  result.  Vahlkampf  expresses  these  objections  very 
clearly,  pointing  out  that  amoebae — typical  animals — can  not  live 
on  dissolved  proteids  and  salts  in  the  surrounding  medium,  but  must 
take  their  food  in  the  complex  form  of  proteids.  He  concludes  that 
it  would  be  impossible  to  get  pure  cultures  or  to  raise  them  without 
their  natural  food-bacteria.  On  similar  a  priori  grounds  an  answer 
to  this  would  be  that  living  proteid  food  is  not  necessary  to  supply 
the  needs  of  animals,  and,  if  dead  organisms  or  parts  of  organisms 
could  be  engulfed  and  digested,  pure  cultures,  in  the  sense  of  only 
one  strain  of  living  things,  would  result.  Tsujitani,  for  example, 
has  already  been  referred  to  as  having  cultivated  one  strain  of  amoeba 
on  one  species  of  bacteria  used  when  dead.  He  does  not  mention 
transplants  nor  continued  culture  generations.  This  Avork  was  re 
peated  and  confirmed  by  J.  T.  Chase  and  A.  W.  Williams  (see 
Williams,  1911),  who  succeeded  in  growing  one  strain  of  amoeba 
through  10  culture  generations  on  agar  cultures  of  dysentery  bacilli 
killed  by  heating.  Still  more  interesting  is  Williams's  work  with 
sterile  extracted  animal  tissues  rendered  bacteria-free  by  special 
precautionary  methods.  Tissues  of  brain,  liver,  kidney,  and  other 
organs  were  placed  on  agar  in  a  thermostat  at  36°  C  for  24  hours; 
small  quantities  of  the  broken-up  tissues  were  then  mixed  with  the 
amoebae  on  agar  plates.  Usually  in  abundant  growth  or  pure  culture 
resulted  in  24  hours  at  36°  C,  or  in  from  three  to  five  days,  at  room 
temperature.  In  this  way,  Williams  has  cultivated  Entamoeba  coll 
(Musgrave  and  Clegg's  strain  11524),  Entamoeba  intestinalis,  E. 
cobayae,  the  first  through  54  culture  generations,  the  second  through 
30  generations,  and  the  third  through  15  generations,  at  36°  C.  up  to 
the  time  her  paper  was  written.  The  question  of  pure  cultures,  there- 
fore, in  the  light  of  her  carefully  guarded  experiments  seems  to  be 
well  beyond  the  reach  of  adverse  a  priori  criticism. 

The  probability  of  cultivating  pernicious  forms  of  Entamoeba  on 
artificial  media  is  well  established  by  Williams's  results,  and  it  bids 
fair  to  be  only  a  matter  of  time  before  E.  histolytica  and  E.  tetragena 
will  be  raised  in  sufficient  quantities  for  detailed  study  of  all  phases 
of  their  life  history. 
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THE  RELATION   OF  ANAPHYLAXIS   TO   IMMUNITY  AND   DISEASE. 

By  Dr.  Victor  C.  Vatjghan,  University  of  Michigan,  Ann  Arbor,  Mich. 


INTRODUCTION. 


Studies  of  the  phenomena  of  protein  sensitization,  so-called  ana- 
phylaxis, have  given  us  quite  a  new  idea  of  many  of  the  problems 
of  immunity  and  disease.  The  only  way  in  which  cells  of  any  kind — 
bacterial,  protozoal,  or  animal — can  grow  and  multiply  is  by  elaborat- 
ing ferments  which  split  up  the  pabulum  within  their  reach,  thus 
preparing  a  food  supply.  The  cell  which  can  no  longer  supply  a 
digestive  ferment  is  already  dead,  whatever  be  the  kind  or  amount 
of  pabulum  surrounding  it.  The  cell  which  supplies  only  such  fer- 
ments as  can  not  digest  the  food  supply  within  its  reach  dies  imme- 
diately. This  is  the  fundamental  fact  of  the  general  immunity  pos- 
sessed by  higher  animals  against  the  lower  forms  of  life.  As  was 
shown  in  my  laboratory  some  years  ago,  there  is  no  constant  and  fixed 
relation  between  the  toxicogenic  and  pathogenic  properties  of  bacilli. 
The  bacillus  prodigiosus  contains  enough  intracellular  poison  to  kill 
guinea  pigs  when  injected  intraperitoneally  in  doses  of  1 :  90,000  body 
weight,  while  the  anthrax  bacillus  requires  1 : 1,700,  and  still  the 
former  is  nonpathogenic  and  the  latter  highly  pathogenic.  The 
explanation  lies  in  the  fact  that  the  prodigiosus  can  not  grow  and 
multiply  in  the  animal  body  because  its  secretions  do  not  digest  the 
proteins  of  the  animal  body,  or,  what  is  more  probable,  the  secretions 
of  the  body  cells  destroy  the  bacillus.  On  the  other  hand,  the  an- 
thrax bacillus  elaborates  ferments  which  do  digest  the  proteins  of 
the  animal  body,  while  the  body  cells  do  not  destroy  the  bacillus,  and 
thus  serve  the  microorganism  with  food.  For  these  same  reasons  a 
given  bacillus  may  be  pathogenic  to  one  species  or  to  one  race  and 
wholly  devoid  of  effect  on  other  animals.  Furthermore,  the  viru- 
lence of  different  strains  of  the  same  microorganism  varies  with  the 
abundance  and  the  strength  of  the  digestive  ferment.  One  strain  of 
the  pneumococcus  may  not  kill  guinea  pigs  in  less  doses  than  1  cubic 
centimeter  of  a  24-hour  culture,  while  another  may  kill  in  one- 
millionth  of  this  amount,  and  still  when  animals  inoculated  with  the 
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two  strains  are  dead  the  same  number  of  bacilli  or  the  same  amount  of 
bacillary  cell  substance  will  be  found  in  both.  One  strain  has  multi- 
plied a  million  times  faster  than  the  other  because  of  the  greater 
abundance  and  effectiveness  of  the  secretions  which  enable  it  to 
grow. 

The  great  lesson  which  we  have  learned  from  our  studies  of  ana- 
phylaxis is  that  the  digestive  secretions  of  body  cells  may  be  devel- 
oped and  modified  by  the  kind  of  protein  brought  into  contact  with 
them.  When  a  foreign  protein  is  introduced  into  the  animal  body 
certain  cells  develop  a  specific  digestive  ferment  which  splits  up  that 
protein  and  no  other.  Cellular  digestion  is  a  physiologic  process 
and  it  is  normally  specific  inasmuch  as  the  secretion  of  each  kind  of 
cell  splits  up  the  pabulum  in  such  a  way  as  to  supply  the  needs  of  its 
own  cell,  but  the  pabulum  upon  which  the  cells  of  the  body  normally 
feed  consists  of  the  proteins  of  the  blood  and  lymph.  From  these 
sources  all  the  cells  of  the  body  select  their  food  material  through  the 
agency  of  their  digestive  ferments.  Normally  there  is  much  prep- 
aration of  the  foods  upon  which  the  cells  of  the  animal  body  feed. 
The  proteins  taken  into  the  alimentary  canal  are  broken  up  by  the 
digestive  juices  into  amino  acids,  and  in  this  process  they  lose  all 
their  distinctive  character.  During  absorption  or  soon  thereafter  the 
amino  acids  are  put  together  again,  but  now  so  grouped  as  to  form 
the  proteins  peculiar  to  the  species.  From  the  special  proteins  thus 
prepared  each  kind  of  body  cell  obtains  its  nutriment.  Parenteral 
digestion  is  a  physiologic  process  in  which  the  material  acted  upon, 
the  cleavage  agents,  and  the  assimilating  cells  are  constant.  How- 
ever, even  with  all  this  preparation  of  food  for  the  body  cells  it  must 
happen  at  times  that  foreign  proteins,  as  such,  find  their  way  into  the 
blood  and  lymph.  In  order  to  digest  this  unusual  pabulum  the  body 
cells  elaborate  a  specific  ferment,  which  digests  this  protein  and  no 
other.  This  is  one  of  the  fundamental  and  central  facts  of  protein 
sensitization. 

The  second  fundamental  fact  in  protein  sensitization  is  that  every 
protein  molecule  contains  a  poisonous  group.  This  is  true  of  all 
bacterial,  vegetable,  and  animal  proteins,  so  far  as  they  have  been 
investigated.  The  poisonous  group  in  the  protein  molecule  is  the 
same  so  far  as  its  physiological  action  is  concerned,  whatever  be  the 
nature  of  the  entire  molecule  of  which  it  is  a  part.  Chemically  there 
must  be  differences  in  the  poisonous  groups  of  different  protein  mole- 
cules, but,  as  has  been  stated,  in  physiological  action  one  can  not  be 
distinguished  from  another.  It  may  be  that  more  exact  studies  will 
show  slight  variations  in  physiological  effect.  I  have  designated  the 
poisonous  as  the  primary  group  in  the  protein  molecule.  I  have  also 
suggested  that  it  be  regarded  as  the  "  archon  "  or  keystone  of  the 
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protein  molecule.  It  probably  contains  the  benzol  ring  with  nitro- 
genous side  chains.  Attached  to  this  primary  group  are  secondary 
groups  which  may  be  designated  as  the  "  characteristic  "  groups,  be- 
cause it  is  in  these  that  one  protein  differs  from  another.  The  sensi- 
tizing properties  of  proteins  reside  in  the  secondary  groups,  because 
it  has  been  shown  that  these,  when  freed  from  the  poisonous  group, 
may  sensitize  animals  to  the  unbroken  molecule.  It  is  for  this  reason 
that  the  special  ferments  elaborated  in  the  cells  of  the  animal  under 
the  influence  of  a  foreign  protein  are  specific.  The  poisonous  group, 
when  detached  from  its  secondary  or  characteristic  groups,  does  not 
sensitize  either  to  itself  or  to  the  whole  protein  from  which  it  came. 
In  the  original  protein  molecule  the  poisonous  group  is  rendered 
inert  physiologically  by  being  combined  with  the  secondary  groups. 
In  its  free  state  it  becomes  a  poison  on  account  of  the  avidity  with 
which  it  disrupts  other  protein  molecules  and  combines  with  their 
secondary  groups.  The  protein  molecule  may  be  compared  to  a  basic 
or  neutral  salt,  and  it  becomes  more  and  more  poisonous  as  its  basic 
elements  are  removed,  and  when  the  free  acid  only  is  left  its  maxi- 
mum  toxic  action  is  reached.  The  protein  poison  is  a  powerful  agent, 
In  the  purest  form  in  which  I  have  been  able  to  obtain  it,  and  this 
probably  is  far  from  chemical  purity,  it  kills  guinea  pigs  of  from  200 
to  300  grams  weight,  when  injected  intracardiacally  in  doses  of  0.5 
milligram.  When  used  intra -abdominally  this  dose  must  be  multi- 
plied by  16,  and  when  given  subcutaneously  by  about  32.  These 
differences  in  effect,  according  to  the  method  of  administration,  are  of 
importance  and  are  accounted  for  by  the  fact  that  the  poison  attacks 
and  is  neutralized  by  the  body  proteins  with  which  it  first  comes  in 
contact. 

Whenever  neutral  proteins  undergo  cleavage  as  the  result  of  the 
activity  of  proteolytic  enzymes  there  are  steps  in  the  process  when 
the  activity  of  the  poisonous  group  is  made  more  manifest,  and  this 
proceeds  as  the  basic  elements  are  stripped  off.  In  this  way  the 
poison  is  in  part  liberated  in  alimentary  digestion.  Biedl  and  Kraus 
have  shown  that  the  action  of  the  anaphylactic  poison  and  that  of 
pepton  are  identical.  This  is  necessarily  true  because  the  active 
group  in  both  is  the  same.  The  protein  poison  is  set  free  or  activated 
by  the  alimentary  proteolytic  enzymes,  and,  if  it  were  a  readily  dif- 
fusible substance,  all  proteins  would  be  poisonous  to  man  when  taken 
by  the  mouth.  But  since  it  does  not  speedily  pass  through  the  ali- 
mentary walls  and  since  further  cleavage  renders  it  inert  we  escape  its 
poisonous  action.  In  parenteral  digestion  of  proteins  there  are  no 
walls  to  prevent  the  diffusion  of  the  poison,  and  consequently  more  or 
less  injury  always  results. 

Anaphylactic  shock  is  such  a  striking  phenomenon  that  for  a  long 
time  it  obscured  the  essential  facts  of  protein  sensitization  and  led 
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investigators  far  astray.  When  compared  with  immunity,  the  two 
seemed  antipodal.  In  one  the  life  of  the  animal  is  saved ;  in  the  other 
it  is  jeopardized,  and,  in  the  majority  of  instances,  lost.  Indeed,  it 
was  a  misconception  which  led  Eichet  to  select  the  term  "anaphy- 
laxis." I  still  hold  to  the  following  statements  concerning  protein 
sensitization  first  formulated  by  Wheeler  and  myself  i1 

(1)  Sensitization  consists  in  developing  in  the  animal  a  specific 
proteolytic  ferment  which  acts  upon  the  protein  that  brings  it  into 
existence  and  on  no  other. 

(2)  This  specific  proteolytic  ferment  stored  up  in  the  cells  of 
the  animal  as  a  result  of  the  first  treatment  with  the  protein  remains 
as  a  zymogen  until  activated  by  a  second  injection  of  the  same 
protein. 

(3)  Our  conception  of  the  development  of  a  specific  zymogen 
supposes  a  rearrangement  of  the  atomic  groups  of  the  protein  mole- 
cules of  certain  cells  in  the  animal  body  or  an  alteration  of  the 
molecular  structure.  In  other  words,  we  regard  the  production  of 
the  specific  zymogen  not  as  the  formation  of  a  new  body,  but  as 
resulting  from  an  alteration  in  the  atomic  arrangement  within  the 
protein  molecule  and  a  consequent  change  in  its  chemism. 

(4)  Some  proteins  in  developing  the  specific  zymogen  produce 
profound  and  lasting  changes  in  molecular  structure,  while  the  alter- 
ations induced  by  others  are  slighter  and  of  temporary,  duration, 
the  molecular  structure  soon  returning  to  its  original  condition. 

(5)  Bacteria  and  protozoa  are  living,  labile  proteins,  while  egg 
white,  casein,  serum  albumin,  etc.,  are  stable  proteins.  The  proteins 
of  the  one  group  are  in  an  active  and  those  of  the  other  in  a  resting 
state,  but  both  are  essentially  proteins,  made  up  of  an  acid  or  poison- 
ous chemical  nucleus  and  a  basic  or  nonpoisonous  group.  The  for- 
mer in  its  effects  upon  animals  is  the  same  whether  derived  from  the 
living  or  the  dead  protein,  and  the  latter  in  the  one  instance  induces 
specific  immunity  and  in  the  other  specific  susceptibility;  but  the 
immunity  and  susceptibility  each  consists  in  developing  in  the  animal 
body  the  capability  of  splitting  up  a  specific  protein.  If  the  living 
protein  be  split  up  before  it  has  time  to  multiply  sufficiently  to  fur- 
nish a  fatal  quantity  of  the  poison,  the  animal  lives  and  we  say  that 
it  has  been  immunized.  If  the  stabile  protein  be  introduced  into 
the  animal,  it  leads  to  the  development  of  a  specific  proteolytic 
ferment,  and  if  enough  of  it  to  supply  a  fatal  dose  be  reinjected 
after  this  function  has  been  developed  the  animal  dies.  The  first 
or  sensitizing  dose  of  egg  white  injected  into  an  animal  is  digested 
just  as  surely  as  is  the  second,  but  the  process  goes  on  so  slowly  that 
we  Bee  no  effect;  but  in  fact  the  first  dose  has  affected  the  animal 
profoundly,  so  profoundly  that  the  change  wrought  in  certain  cells 
of  the  animal  body  persist  for  months,  possibly  for  years,  and  may 
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be  transmitted  from  the  mother  to  her  offspring.  We  do  not  say 
that  the  animal  is  sensitized  unless  some  immediate  and  striking 
effect  follows  our  treatment,  but  this  is  wrong.  An  immediate  effect, 
especially  a  fatal  issue,  on  reinjection  depends  upon  the  rapidity 
with  which  the  protein  is  split  up  and  its  poisonous  constituent  set 
free.  The  sensitizing  injection  leads  to  the  development  of  a  specific 
enzyme,  and  the  protein  of  this  injection  is  so  slowly  digested  that 
the  poison  set  free  at  any  one  time  is  not  sufficient  to  produce  any 
recognizable  effect.  If  time  enough  be  allowed  between  the  sensi- 
tizing and  the  reinjection  for  the  accumulation  of  a  large  amount 
of  the  specific  enzyme,  then  the  protein  is  split  up  promptly  and 
anaphylactic  shock  and  death  result.  These  views  concerning  pro- 
tein sensitization,  first  offered  in  1907,  have  been  on  the  whole  con- 
firmed by  later  investigators,  generally  without  credit  to  those  who 
originally  proposed  them. 

The  fact  that  an  animal  is  sensitized  before  the  time  when  a  rein- 
jection is  followed  by  anaphylactic  shock  has  been  conclusively 
demonstrated  by  inducing  passive  anaphylaxis  with  serum  taken 
from  animals  in  the  so-called  preanaphylactic  state.  Likewise  it 
has  been  shown  that  serum  taken  from  animals  in  the  so-called  anti- 
anaphylactic  state  passively  sensitizes  fresh  animals. 

THE    PREVENTION    OF    ANAPHYLACTIC    SHOCK. 

From  a  practical  standpoint  anaphylactic  shock  is  the  least  im- 
portant of  the  phenomena  of  sensitization.  It  is  always  an  arti- 
ficially induced  condition,  and  the  only  importance  it  brings  to  the 
practitioner  is  that  he  should  know  how  to  prevent  it  in  serum 
therapy.  Although  the  procedure  necessary  to  protect  the  patient 
against  anaphylactic  shock  was  first  pointed  out  by  Vaughan,  jr.,  the 
best  work  along  this  line  has  been  done  by  Besredka.  The  last-men- 
tioned investigator  has  shown  that  the  intraperitoneal  injection  of 
from  one-fiftieth  to  one  one-hundredth  cubic  centimeter  of  the  serum 
in  sensitized  guinea  pigs  renders  them  so  positively  refractory  that 
five  hours  later  intracerebral  injections  are  wholly  without  effect. 
Besredka  has  made  quite  a  thorough  study  of  the  means  by  which 
anaphylactic  shock  in  serum  therapy  may  be  averted,  and  he  states 
his  conclusions  as  follows : 

(1)  Preparatory  heating  of  therapeutic  sera  to  56°  tends  to  sup- 
press the  phenomena  of  sensitization  without  wholly  averting  them. 
Besredka  states  that  all  therapeutic  sera  prepared  at  the  Pasteur 
Institute  are  subjected  to  this  temperature,  and  that  instances  of  ana- 
phylactic shock  are  less  frequent,  and,  when  seen,  less  severe  in 
France  than  in  countries  in  which  this  preliminary  heating  is  not 
practised. 
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(2)  Alcoholic  and  ether  narcosis  give  a  complete,  but  transitory, 
immunity  to  anaphylactic  shock.     (This  is  not  practical.) 

(3)  Preventive  injections  of  serum  heated  to  80°  produce  a  certain 
and  lasting  immunity,  but  it  develops  slowly  and  is  accompanied  by 
slight  reaction.  (It  will  be  understood  that  only  that  portion  of  the 
serum  used  to  prevent  anaphylactic  shock  is  heated  to  this  tempera- 
ture, which  would  render  antitoxin  inert.) 

(4)  The  best  method  of  averting  anaphylactic  shock  is  either  by 
rectal  injection  of  the  unheated  serum,  or,  better  still,  by  the  subcu- 
taneous injection  of  a  very  small  dose. 

The  recommendation  of  Vaughan,  jr.,  is  that  in  all  cases  in  which 
anaphylactic  shock  may  be  feared  a  preliminary  injection  of  from 
0.1  to  0.2  cubic  centimeters  should  be  made,  and  after  an  interval  of 
two  hours,  provided  no  untoward  symptoms  have  appeared,  the  full 
dose  may  be  given.  The  suggestion  is  made  by  Kosenau  and  Ander- 
son that  all  individuals  who  have  shown  any  tendency  to  asthma,  to- 
gether with  those  who  have  received  previous  injections  of  the  serum, 
with  an  interval  of  12  days  or  longer,  should  be  included  among  those 
in  whom  anaphylactic  shock  may  be  feared.  It  is  not  held  that  even 
with  these  precautions  all  the  symptoms  of  serum  disease  will  in  all 
cases  be  averted,  but  serious  anaphylactic  shock  is  not  likely  to  occur. 

SERUM   DISEASE. 

The  studies  of  v.  Pirquet  and  Shick2  on  diseased  conditions  in- 
duced by  therapeutic  sera  have  proved  of  great  value  in  explaining 
the  phenomena  of  protein  sensitization.  In  a  certain  per  cent  of 
individuals  who  receive  injections  of  horse  serum  for  the  first  time 
certain  well-defined  symptoms  develop,  usually  from  6  to  12  days 
after  the  injection.  The  symptoms  consist  of  fever,  more  or  less 
general  edema  and  rash,  generally  urticarial,  though  sometimes 
erythematous.  The  rash  is  usually  accompanied  by  intense  itching, 
and  it  may  cover  not  only  the  entire  surface  of  the  body  but  extend 
to  the  visible  mucous  membrane  of  the  mouth  and  throat,  about  the 
anus,  and  into  the  rectum.  The  lymph  glands  may  be  enlarged,  and 
pain  in  the  joints  is  often  severe.  The  per  cent  of  persons  thus 
affected  by  the  first  dose  of  horse  serum  increases  with  the  quantity 
of  serum  employed.  The  explanation  offered  by  v.  Pirquet  is  that 
some  of  the  unchanged  serum  remains  in  the  body  until  sensitization 
is  sufficiently  developed  to  "bring  the  effects  of  the  toxic  body  up  to 
the  level  of  clinical  observation."  This  demonstrates  that  a  rein- 
jection  is  not  necessary  in  order  to  develop  the  state  of  protein  sensi- 
tization. The  evolution  of  the  specific  enzyme  begins  soon  after  the 
introduction  of  the  foreign  protein  and  gradually  proceeds,  and  the 
liberation  of  the  protein  poison  increases  parri  passu.     It  is  not  until 
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the  effects  of  the  liberated  poison  approach  the  "  level  of  clinical 
observation  "  that  we  recognize  them,  but  this  is  not  at  the  beginning 
of  the  process.  Sensitization  of  the  body  cell  probably  begins  as 
soon  as  the  foreign  protein  comes  in  contact  with  it.  The  foreign 
protein  so  impresses  the  body  cell  that  the  latter  undergoes  such 
changes  in  its  intramolecular  structure  that  it  elaborates  a  new  and 
specific  enzyme.  The  fact  that  soluble  proteins  sensitize  so  much 
more  promptly  and  efficiently  than  suspensions  renders  it  probable 
that  cellular  penetration  is  essential  to  the  most  thorough  effect. 
The  additional  fact  that  relatively  dilute  solutions  sensitize  more 
promptly  and  more  efficiently  than  more  concentrated  ones  suggest 
that  degree  of  molecular  concentration  has  some  influence  upon  the 
processes  of  sensitization. 

Von  Pirquet  and  Shick  observed  two  kinds  of  reaction  in  those 
who  received  reinjections  after  intervals  of  12  days  or  longer.  In 
some  the  reaction  is  of  the  same  character  as  that  described  above, 
but  it  appears  two  or  three  days  earlier.  It  is  supposed  that  those 
in  whom  this  form,  designated  as  "  accelerated  reaction,"  occurs 
have  partially  passed  beyond  the  condition  of  sensitization,  but 
easily  resume  it  on  receiving  the  reinjection.  There  seems  to  be  no 
danger  to  life  in  either  the  "  delayed "  or  "  accelerated  reaction." 
The  one  accompanied  by  marked  danger  to  life  is  the  "  immediate." 
In  this  the  effects  manifest  themselves  within  a  few  hours,  often 
within  a  few  minutes  after  the  reinjection.  These  individuals  are 
in  a  fully  sensitized  condition,  and  it  is  in  these  that  anaphylactic 
shock  should  be  feared. 

There  are  instances  in  which  the  first  injection  of  horse  serum  has 
induced  alarming,  and  rarely  fatal,  anaphylactic  shock.  These  have 
been  reported  with  sufficient  frequency  to  cause  more  or  less  anxiety 
in  the  employment  of  therapeutic  sera;  besides,  it  raises  the  very 
important  question  as  to  why  a  small  per  cent  of  persons  should  be, 
apparently  naturally,  susceptible  to  an  agent  to  which  the  great  ma- 
jority are  immune.  Cases  of  "  horse  asthma,"  in  which  more  or  less 
violent  symptoms,  such  as  sneezing,  inflammation  of  the  conjunctiva 
and  the  mucous  membrane  of  the  upper  air  passages,  result  from 
riding  behind  horses,  are  well  known.  The  flying  hairs  from  horses 
carrying  minute  quantities  of  protein  are  inhaled  and  may  cause 
local  sensitization,  and  it  may  be  that  this  accounts  for  the  instances 
of  anaphylactic  shock  observed  after  first  injections  of  horse  serum. 

VACCINATION. 

The  valuable  research  of  v.  Pirquet 3  on  vaccinia  has  done  much 
to  elucidate  the  problems  of  sensitization.  We  quote  the  following 
from  one  of  his  later  communications  on  this  subject :  * 
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"  The  first  vaccination  in  healthy  children  shows  an  extremely  constant  symp- 
tom complex.  Some  minutes  after  the  vaccination,  a  traumatic  reaction,  in 
the  form  of  a  very  slight  redness,  appears,  which  lasts  about  one  day,  and  leaves 
a  small  scab  surrounded  by  normal  skin.  On  the  third  or  fourth  day  a  small 
red  papule  appears,  which  indicates  the  beginning  of  the  specific  reaction. 
Between  the  fourth  and  sixth  days,  the  middle  portion  of  the  papule  becomes 
more  elevated  (papilla  formation),  the  outer  part  becomes  flat  and  forms  a 
small  red  circle  then  the  '  aula  '  around  the  papilla.  From  now  on  the  papilla 
increases  in  size  quite  regularly,  about  one  millimeter  a  day,  and  the  solid 
papule  is  transformed  into  a  blister.  The  aula  remains  of  the  same  size 
and  is  protruded  only  by  the  extension  of  the  papilla.  Between  the  eighth  and 
eleventh  days  the  aula  increases  to  a  large,  slightly  elevated  plaque  and  '  area.' 
The  papilla  ceases  to  grow  and  becomes  yellow.  Between  the  eleventh  and  fif- 
teenth days  the  area  reaches  its  highest  development  and  then  disappears  slowly, 
whereas  the  papilla  dries  and  a  large  scab  falls  off,  leaving  a  scar."  When 
daily  vaccinations  on  the  same  person  are  made  for  a  fortnight  the  papilla  ap- 
pear in  order  corresponding  to  the  day  of  vaccination,  and  the  inflammation 
of  the  area  appears  on  all  the  vaccination  points  simultaneously.  "Although 
the  vaccinations  were  made  on  successive  days,  the  area  develops  around  all 
the  vaccination  points  at  the  same  time ;  that  is,  at  the  time  when  its  develop- 
ment is  due  on  the  first  vaccination  points.  From  now  on  the  papilla  of  the 
later  vaccinations  stop  growing,  as  does  the  papilla  of  the  first  vaccination. 
In  those  vaccinations  which  have  been  made  from  this  time  on,  the  state  of 
papilla  formation  is  no  longer  reached.  Another  type  of  reaction  occurs — 
"  early  reaction."  In  this  reaction  a  papilla  is  formed,  reaching  its  develop- 
ment in  24  hours  and  from  then  on  gradually  disappearing. 

The  above  nicely  explains  not  only  the  development  of  vaccinia 
and  the  way  in  which  it  protects  against  smallpox,  but  also  vaccina- 
tion in  other  infections  diseases.  The  avirulent  organism  of  vaccinia 
still  has  the  protein  constitution  of  the  virulent  one  of  smallpox. 
It  has  been  modified  in  function,  but  not  seriously  altered  in  essence 
by  its  passage  through  the  cow.  The  proteins  constituting  its  mole- 
cules have  not  been  changed,  or,  if  at  all,  so  slightly  altered  that  one 
form  still  sensitizes  to  the  other.  The  modified  virus  sensitizes  the 
body  cells  and  by  this  we  mean  that  it  causes  the  cell  to  elaborate  a 
specific  enzyme  that  digests  and  destroys  the  virus.  The  body  cells 
retain  this  new  function  and  when  the  smallpox  virus  finds  its  way 
into  the  body  it  is  digested  and  destroyed  before  it  has  time  to  mul- 
tiply sufficiently  to  cause  disease.  This  is  the  basis  of  all  bacterial 
and  protozoal  vaccination.  In  securing  his  vaccine  for  chicken 
cholera  Pasteur  modified  the  organism  by  successive  growths  on 
artificial  culture  media.  That  for  anthrax  he  obtained  by  growth 
at  relatively  high  temperature  and  that  for  rabies  by  drying  the 
cord.  The  vaccine  for  typhoid  fever  is  obtained  by  the  use  of  cul- 
tures killed  by  heat.  All  of  these  processes  in  the  special  instances 
modify  the  proteins  of  the  organisms  so  slightly  that  they  still  sensi- 
tize to  themselves.  This  is  protein  sensitization  and  gives  protein 
immunity.  It  is  wholly  different  from  toxin  action  and  toxin  im- 
munity, and  we  should  not  confuse  the  two  by  discussing  one  in  terms 
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of  the  other.  In  protein  immunity  there  is  no  antigen  and  no  anti- 
body, and  we  will  proceed  more  understanding!  v  if  we  stop  employ- 
ing these  terms  in  discussing  protein  sensitization.  The  toxins  are 
either  ferments  or  closely  related  bodies,  and  the  substance  that 
digests  the  protein  on  reinjection  or  in  the  sensitized  state  of  the 
animal  is  a  ferment  and  it  is  proper  to  speak  of  it  as  consisting  of 
amboceptor  and  complement,  but  further  than  this  the  nomenclature 
introduced  by  the  genius  of  Ehrlich  to  explain  toxin  action  and 
reaction  has  no  place  in  the  literature  of  sensitization. 

If  what  has  been  stated  be  true,  protein  sensitization  is  a  most  im- 
portant factor  in  acquired  immunity,  and  it  will  be  well  to  discuss 
methods  of  using  so  powerful  an  agent  in  combatting  disease.  It 
should  always  be  held  in  mind  that  any  protein  contains  a  powerful 
poison,  and  that  no  unbroken  protein  can  be  injected  into  the  body 
without  carrying  with  it  this  poison,  and  moreover,  the  parenteral 
digestion  of  a  protein  means  that  its  poisonous  group  will  be  set  free 
or  activated  in  the  body.  The  liberation  of  this  poison  occurs,  not 
in  the  alimentary  canal,  the  walls  of  which  may  protect  the  body  or 
from  which  it  may  be  rejected  by  vomiting  or  purging,  or  by  both, 
but  in  the  blood  and  tissue,  and  there  is  no  escaping  its  effects.  It 
is  a  poison,  not  a  toxin,  and  there  is  up  to  the  present  time  no  known 
antidote  for  it.  The  indiscriminate  employment  of  protein  injec- 
tions nowt  being  made  should  be  most  positively  condemned. 

Work  done  in  our  own  laboratory  indicates  that  with  some  proteins 
at  least  the  sensitizing  and  poisonous  groups  may  be  separated,  and 
that  when  this  is  done  the  former  sensitizes  quite  as  efficiently  and 
sometimes  much  better  than  the  unbroken  protein  containing  its 
poisonous  group.  In  animals  the  nonpoisonous  part  of  the  typhoid 
protein  gives  immunity  to  the  living  bacillus  to  a  much  greater 
degree  and  more  promptly  than  the  unbroken  bacillus,  either  alive 
or  dead.  It  is  freely  soluble  and  the  more  soluble  protein  sensitizers 
are  the  more  promptly  and  efficiently  do  they  act.  But  the  old  idea 
that  in  order  to  protect  a  man  against  disease  you  must  make  him 
sick — and  the  sicker  you  make  him  the  greater  the  protection  you  give 
him — is  so  strong  in  the  profession  that  no  one  will  listen  to  the  use 
of  a  nonpoisonous  split  product  to  protect  one  against  typhoid  fever. 

That  the  tuberculous  animal  behaves  quite  differently  from  the 
nontuberculous  on  receiving  injections  of  the  tuberculin  protein, 
whether  it  be  in  the  form  of  the  living  bacillus,  in  dead  cells,  or  in 
solution,  has  been  abundantly  demonstrated.  Before  Koch  gave  us 
tuberculin,  Arloing  and  Courmont  had  come  to  the  conclusion  that 
the  tubercle  bacillus  produces  soluble  substances  which  reduce  the 
natural  resistance  of  the  body  and  render  it  more  susceptible  *to  rein- 
fection. This  corresponds  closely  with  the  first  impression  made  by 
observation  of  the  phenomena  of  anaphylaxis,  the  impression  that 
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led  Kichet  to  select  this  term.  In  1891  Koch  described  a  perfect  ex- 
ample of  protein  sensitization  as  we  understand  it  to-day.  He  stated 
that  when  a  healthy  guinea  pig  is  inoculated  with  the  living  tubercle 
bacillus  there  is  no  change  at  the  site  of  inoculation  until  from  10  to 
14  days  later,  when  a  hard  lump  forms,  finally  opens  and  ulcerates, 
and  continues  until  the  animal  dies.  On  the  other  hand,  when  a 
tuberculous  guinea  pig  is  inoculated  with  the  living  bacillus,  on  the 
second  or  third  day  a  lump  forms,  soon  becomes  necrotic,  falls  out, 
ulcerates  for  a  time,  and  finally  heals  without  any  infection  of  the 
neighboring  lymph  glands.  In  1897  Trudeau  observed  that  when 
healthy  rabbits  receive  injections  of  virulent  cultures  in  the  eye, 
there  is  little  to  be  seen  for  about  14  days,  when  with  increasing 
vascularity  tubercles  form  in  the  iris  after  which  inflammation  ex- 
tends and  the  eye  is  practically  destroyed  within  from  6  to  8  weeks. 
Like  treatment  of  tuberculous  rabbits  develops  an  iritis  within  from 
2  to  5  days,  but  at  the  end  of  the  second  or  third  week  at  a  time  when 
the  controls  begin  to  develop  destructive  changes,  the  inflammation 
begins  to  subside.  Later  studies  have  confirmed  and  amplified  these, 
and  it  has  been  found  that  death  may  be  induced  within  24  hours  by 
injecting  a  large  amount  of  a  living  culture  into  a  tuberculous 
animal. 

The  same  difference  between  healthy  and  tuberculous  animals  has 
been  observed  in  their  response  to  injections  of  dead  cultures  of  the 
tubercle  bacillus.  The  first  observation  along  this  line,  so  far  as  we 
know,  was  made  by  Strauss  and  Gamaleia,  who  found  that  when 
large  numbers  of  dead  tubercle  bacilli  are  injected  into  tuberculous 
animals  death  results  while  similar  amounts  are  without  immediate 
effect  upon  healthy  animals. 

When  we  come  to  tuberculin,  every  phase  of  its  action  or  its  failure 
to  act  is  explainable  on  the  ground  that  the  tuberculous  animal  is 
a  sensitized  one.  Koch  found  that  0.5  gram  of  his  preparation  killed 
tuberculous  guinea  pigs,  and  induced  no  symptoms  in  healthy  ones. 
A  fraction  of  1  milligram  may  cause  marked  symptoms  in  a  tubercu- 
lous man,  while  many  times  this  amount  is  borne  easily  by  a  healthy 
man.  The  inflammatory  reaction  about  local  tubercular  lesions 
caused  by  injections  of  tuberculin  is  explained  by  the  fact  of  the 
high  degree  of  sensitization  in  their  localities,  and  the  cleavage  of 
the  bacilli.  The  ophthalmic,  cutaneous,  subcutaneous,  and  intra- 
venous tests  with  tuberculin  are  all  typical  sensitization  reactions. 
Even  in  the  failure  to  respond  to  tuberculin  seen  in  advanced  tuber- 
culosis we  have  the  condition  known  as  anti-anaphylaxis,  which  simply 
means  that  the  anaphylactic  ferment  is  exhausted  by  the  large  amount 
of  material  supplied  by  the  bacilli  in  the  body. 

There  is  another  line  of  evidence  that  in  tuberculosis  there  is  a 
condition  of  specific  protein  sensitization.     This  is  to  be  found  in 
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the  fact  that  this  disease  is  much  more-  deadly  in  lands  and  among 
people  who  have  recently  come  under  its  influence  than  it  is  where  it 
has  prevailed  for  many  generations.  In  other  words,  the  widespread 
and  long-continued  existence  of  the  disease,  slowly,  and  at  the  cost 
of  much  sickness  and  many  deaths,  brings  a  certain  degree  of  im- 
munity. The  readiness  with  which  the  North  American  Indian  has 
succumbed  to  this  disease  is  a  striking  illustration,  and  Calmette  has 
recently  collected  additional  evidence  on  this  point.  He  states  that 
tuberculosis  is  being  widely  disseminated  among  peoples  who  have 
until  recently  been  free  from  it.  The  world-wide  wanderings  of  the 
white  man  are  carrying  the  disease  to  every  people,  from  the  Lap- 
lander and  Esquimaux  of  the  arctics  to  the  negroes  and  Malays  of 
the  tropics.  Iceland,  the  Faro  Islands,  and  the  steppes  of  Russia  are 
being  infected  and  in  these  new  regions  tuberculosis  exists  in  its 
most  speedily  fatal  forms.  The  same  author  points  out  that  recently 
discovered  methods  for  the  recognition  of  this  disease  even  in  latent 
states  shows  that  among  Europeans  not  more  than  7  or  8  per  cent 
reach  more  than  20  years  of  age  without  receiving  the  infection. 
Those  who  survive  the  first  infection  become  more  or  less  immune, 
and  after  that  develop,  when  they  do  acquire  the  disease,  the  more 
chronic  forms. 

Romer5  concludes  that  the  less  widely  is  tuberculosis  distributed 
among  a  people,  the  greater  is  the  case  mortality,  and,  the  wider  the 
distribution,  the  smaller  is  the  case  mortality. 

Still  another  fact  of  importance  is  that  the  most  speedily  fatal 
forms  of  tuberculosis,  such  as  the  miliary  and  meningeal,  are  much 
more  frequent  among  children  than  among  adults. 

There  is  another  matter  of  much  importance  in  this  connection 
which  we  must  discuss.  We  have  found  the  tubercle  bacillus  highly 
resistant  to  lytic  agents,  and  it  appears  that  its  long  experience  as  a 
parasite  has  led  it  to  protect  itself  with  layers  of  wax  and  deposits 
of  fat,  but  proteolytic  enzymes  digest  the  most  firm  proteins.  Fried- 
berger  has  found  that  at  least  some  strains  of  this  bacillus  are  di- 
gested by  the  serum  of  healthy  guinea  pigs,  and  the  researches  of 
Merkl,  Ba,il,  and  Kraus  and  his  students  have  shown  that  tubercle 
baccilli  placed  in  the  peritoneal  cavity  of  tuberculous  animals  respond 
to  Pfeiffer's  reaction.  Some  strains  are  dissolved  in  the  peritoneum 
of  healthy  guinea  pigs,  but  dissolution  occurs  more  prompt^  and 
more  completely  in  the  peritoneum  of  a  tuberculous  animal.  The 
healthy  animal  may  have  to  depend  upon  its  phagocytes  to  combat 
the  invading  bacillus,  but  the  tuberculous  animal  supplies  a  specific 
proteolytic  enzyme,  and  to  this  the  fresh  invader  succumbs. 

Nature  is  slowly  immunizing  the  white  man  to  tuberculosis,  and 
the  question  arises  whether  or  not  the  process  employed  by  nature 
can  be  aided  in  any  way.  We  think  it  can,  and  there  is  not  before 
66692— vol  2,  pT  1—13 21 
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the  medical  profession  at  this  time  a  greater  question  than  this,  Is 
it  possible  to  aid  in  eradicating  tuberculosis  by  vaccination?  What 
we  need  is  a  vaccine.  Various  methods  of  modifying  the  tubercle 
bacillus  so  that  it  could  be  used  as  a  vaccine  have  been  tried.  The 
bovo-vaccine  of  von  Behring  was  tried,  but  the  increased  resistance 
given  by  it  was  found  to  be  of  short  duration.  Attempts  to  reduce 
its  virulence  by  age,  heat,  chemicals,  and  by  submitting  it  to  ultra- 
violet and  other  rays  and  emanations  have  been  made.  What  we 
need  is  a  tubercle  protein  sensitizer.  It  should  be  soluble  and  it 
should  be  free  from  the  poisonous  group  in  the  protein  molecule. 
In  my  opinion  the  nearest  approach  to  this  desired  substance  is  the 
nonpoisonous  portion  of  the  tubercle  protein,  as  prepared  by  the 
method  of  Vaughan  and  Wheeler.  So  far  we  have  not  been  able 
to  secure  a  uniform  product.  Some  preparations  seem  to  fill  every 
requirement.  They  sensitize  animals  to  the  unbroken  bacillus,  dead 
or  alive,  and  in  surface  tubercular  lesions  they  cause  inflammation 
about  the  tubercular  area,  and  we  have  seen  the  tubercular  tissue 
slough  off  and  complete  recovery  result,  but  other  preparations 
made  from  the  same  cellular  substance  by  the  same  method  seem 
inert.  We  have  had  similar  difficulties  with  the  sensitizing  groups 
from  other  proteins.  Some  preparations  from  egg  white  sensitize 
to  unbroken  egg  white,  while  others  seem  wholly  without  effect,  and 
still  all  are  prepared  from  the  same  material  and  in  the  same  way. 
Evidently  the  sensitizing  group  in  the  protein  molecule  is  a  highly 
labile  body  and  susceptible  to  influences  which  so  far  we  have  not 
been  able  to  recognize.  We  have  no  difficulty  in  obtaining  the 
poisonous  group  uniformly,  but  it  is  otherwise  with  the  sensitizing 
body.  Further  work  along  this  line  is  needed,  and  if  an  efficient 
and  uniformly  reliable  sensitizer  for  the  tubercular  protein,  free 
from  the  poisonous  group,  can  be  secured,  all  children  should  be 
vaccinated  for  tuberculosis,  then,  with  protection  against  natural 
infection,  the  restriction  of  tuberculosis  will  be  as  completely  under 
man's  control  as  is  that  of  smallpox.  It  should  be  clearly  under- 
stood that  the  protection  afforded  by  vaccination  is  relative  and  not 
absolute. 

The  studies  inaugurated  by  Wright  have  demonstrated  that  vac- 
cination is  of  service  not  only  in  prevention,  but  also  in  cure.  Bac- 
teria and  protozoa  are  particulate,  and  in  many  diseases  they  are 
confined  to  limited  localities.  As  we  have  seen,  sensitization  may 
also  be  local.  No  body  cell  is  sensitized  against  a  foreign  protein 
until  the  latter  comes  in  contact  with  the  former,  and  penetration  of 
the  body  cell  is  probably  essential  to  the  most  efficient  sensitization. 
The  microorganisms  of  acne  are  located  in  the  cutaneous  tissue ;  and 
being  particulate  and  not  in  solution,  the  area  sensitized  by  them  is 
small,  if  there  be  any  sensitization  at  all.     By  vaccine  therapy  the 
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area  of  sensitization  is  greatly  extended  and  the  amount  of  lytic  agent 
formed  and  made  available  is  greatly  increased.  This  being  in  solu- 
tion and  diffusible,  digests  and  destroys  the  bacteria  located  in  the 
skin.  The  same  is  true  of  the  treatment  of  localized  tuberculosis 
or  of  any  other  localized  infectious  disease.  In  vaccine  therapy,  as 
in  vaccination,  the  great  need  is  for  soluble  sensitizers  free  from 
poisonous  content.  When  these  are  secured,  and  not  until  then,  we 
may  develop  a  vaccine  therapy  along  scientific  lines  and  expect  to 
secure  important  results  with  it. 

There  is  another  possible  way  in  which  sensitization  may  be  of 
service  in  treatment.  We  refer  to  the  use  of  specific  enzymes.  This 
method  is  now  being  tried  by  J.  W.  Vaughan  in  the  treatment  of 
cancer.  He  sensitizes  rabbits  or  sheep  to  the  cancer  cell  by  injections 
of  finely  ground  cancerous  tissue  or  the  nonpoisonous  portion  of  the 
same.  When  the  large  mononuclear  leucocytes  reach  25  per  cent  or 
more  he  bleeds  the  animal,  lakes  the  blood  with  acetic  acid,  and  col- 
lects the  leucocytes  in  a  centrifuge.  These  are  rubbed  with  sterile 
sand  in  salt  solution  and  passed  through  a  Berkefeld  filter.  The 
filtrate  contains  the  specific  proteolytic  ferment  which  splits  up 
cancer  cells.  This  is  shown  by  incubating  it  with  cancer  cells  when 
the  poisonous  portion  of  the  protein  molecule  is  set  free,  as  is  shown 
by  the  fact  that  when  injected  into  fresh  rabbits  it  causes  sudden 
death.  Incubated  with  other  proteins  the  leucocytic  extract  liberates 
no  poison.  This  leucocyte  extract  when  injected  in  certain  amounts 
directly  into  cancerous  tissue  induces  anaphylactic  shock.  The  effect 
of  injections  of  small  doses  in  parts  of  the  body  more  or  less  remote 
from  the  cancerous  tissue  is  now  being  tried,  but  it  is  too  early  to 
determine  the  value  of  this  kind  of  treatment.  This  work  seems 
to  indicate  that  the  specific  anaphylactic  enzyme  for  cancer  cells  is 
furnished  by  the  large  mononuclear  leucocytes.  It  might  be  asked, 
Why  not  use  the  serum  of  the  sensitized  animal?  This  is  not  pos- 
sible, for  two  reasons:  (1)  Repeated  injections  of  the  serum  cause 
albuminuria,  and  (2)  they  sensitize  to  the  proteins  of  the  serum. 
When  the  leucocytic  extract  is  filtered  through  a  Berkefeld  filter  it 
does  not  sensitize  to  the  blood  protein ;  when  this  step  in  the  process 
is  omitted  it  does  so  sensitize.  In  work  of  this  kind  lies  a  promise 
of  at  least  partially  isolating  the  anaphylactic  enzymes  and  studying 
their  effects.  It  is  not  probable  that  this  treatment  will  ever  prove 
practical  for  the  removal  of  large  areas  of  diseased  tissue. 

FEVER. 

It  is  interesting  and  instructive  to  read  the  older  literature  on  fever 
in  the  light  of  the  knowledge  which  has  been  gained  in  the  study 
of  sensitization.  It  has  long  been  known  that  the  parenteral  intro- 
duction of  proteins  in  small  amounts,  and  especially  repeated  in- 
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troduction,  leads  to  fever.  The  older  literature  on  this  subject,  as 
well  as  an  account  of  his  own  work,  was  given  in  1883  by  Roques.6 
In  1888  Gamaleia  7  showed  quite  clearly  that  fever  accompanies  and 
results  from  the  parenteral  digestion  of  bacterial  proteins,  and  a  year 
later  Charrin  and  Buffer 8  confirmed  this  work  and  extended  it  to 
nonbacterial  proteins.  In  1890  Buchner 9  produced  the  characteristic 
phenomena  of  inflammation — color,  rubor,  tumor,  and  dolor — by  the 
subcutaneous  injection  of  diverse  bacterial  proteins.  In  1895  Krehl 
and  Matthes  10  induced  fever  by  the  parenteral  introduction  of  albu- 
moses  and  peptons,  but  they  did  not  obtain  constant  results,  which 
we  now  know  are  secured  only  by  regulation  of  the  size  and  frequency 
of  the  dosage.  In  1909  Vaughan,  Wheeler,  and  Gidley  1X  demon- 
strated that  any  desired  form  of  fever — acute  fatal,  continued,  inter- 
mittent, or  remittent — can  be  induced  in  animals  by  regulating  the 
size  and  frequency  of  the  doses  of  foreign  protein  administered 
parenterally,  and  in  1911  Vaughan,  Cumming,  and  Wright 12  ex- 
tended the  details  of  this  work.  These  investigators  established  the 
following  points: 

(1)  Large  doses  of  unbroken  protein  administered  intra-abdomi- 
nally,  subcutaneously,  or  intravenously,  have  no  effect  upon  the  tem- 
perature ;  at  least,  do  not  cause  fever. 

(2)  Small  doses,  especially  when  repeated,  cause  fever,  the  forms 
of  which  may  be  varied  at  will  by  changing  the  size  and  the  interval 
of  dosage. 

The  following  illustrations  may  be  given :  August  22,  1909,  we  in- 
jected the  whites  of  three  eggs  into  the  abdominal  cavity  of  a 
rabbit.  The  highest  temperature  of  the  fore  period  was  100.9°. 
After  this  injection  the  temperature  was  taken  every  two  hours  from 
8  a.  m.  to  6  p.  m.,  up  to  September  6.  The  animal  was  weighed 
each  day,  and  its  urine  measured  and  tested  for  albumin.  There  was 
no  fever;  indeed,  the  morning  temperature  fell  some  days  to  97°,  and 
one  day  to  96.6°.  The  animal  lost  in  weight  slightly  more  than  one- 
fifth  of  its  original.  The  volume  of  urine  averaged  normal,  and  at 
no  time  did  it  contain  albumin.  On  the  other  hand  0.05  cubic  centi- 
meters of  egg  white,  filtered  through  cotton,  injected  intra-abdomi- 
nally  every  half  hour  from  8  a.  m.  to  4  p.  m.  carried  the  temperature 
to  106.6°. 

The  intravenous  injection  of  from  4  to  10  cubic  centimeters  of  a 
dilution  of  egg  white  with  an  equal  volume  of  salt  solution  every 
two  hours  from  8  a.  m.  to  6  p.  m.  had  but  little  or  no  effect  on  the 
temperature,  while  the  hourly  injection  of  1  cubic  centimeter  of  the 
same  solution  and  of  much  more  dilute  solutions  carried  the  tempera- 
ture within  from  4  to  6  hours  up  to  from  105°  to  107°,  and  in  some 
instances  caused  sudden  death. 

(3)   The  effect  of  protein  injections  on  the  temperature  is  more 
prompt  and  marked  in  sensitized  than  in  fresh  animals. 
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(4)  The  intravenous  injection  of  laked  blood  corpuscles  from 
either  man  or  the  rabbit  causes  in  the  latter,  even  in  very  small 
quantity,  either  in  single  or  repeated  doses,  prompt  and  marked  ele- 
vation of  temperature. 

(5)  Laked  corpuscles  after  removal  of  the  stroma  by  filtration 
have  a  like  effect. 

(6)  Protein  fever  can  be  continued  for  weeks  by  repeated  injec- 
tions, giving  a  curve  which  can  not  be  distinguished  from  that  of 
typhoid  fever. 

(7)  Protein  fever  is  accompanied  by  increased  nitrogen  elimina- 
tion and  gradual  wasting. 

(8)  Protein  fever  covers  practically  all  cases  of  clinical  fever. 

(9)  Animals  killed  by  experimentally  induced  fever  may  die  at 
the  height  of  the  fever,  but  as  a  rule  the  temperature  rapidly  falls 
before  death. 

(10)  Fever  induced  by  repeated  injections  of  bacterial  proteins 
and  ending  in  recovery  is  followed  by  immunity. 

(11)  The  serum  of  animals  in  which  protein  fever  has  been  in- 
duced digests  the  homologous  protein  in  vitro. 

(12)  Fever  results  from  the  parenteral  digestion  of  proteins. 

(13)  There  are  two  kinds  of  parenteral  proteolytic  enzymes,  one 
specific  and  the  other  nonspecific. 

(14)  The  production  of  the  nonspecific  ferment  is  easily  and 
quickly  stimulated. 

(15)  The  development  of  the  specific  ferment  requires  a  longer 
time. 

(16)  Sensitization  and  immunity  are  different  manifestations  of 
the  same  process. 

(17)  Foreign,  proteins,  living  or  dead,  formed  or  in  solution, 
when  introduced  into  the  blood  soon  diffuse  through  the  tissues 
and  sensitize  the  cells.  Different  proteins  have  predilection  places 
in  which  they  are  deposited  and  where  they  are,  in  large  part  at 
least,  digested,  thus  giving  rise  to  the  characteristic  symptoms  and 
lesions  of  the  different  diseases. 

(18)  The  subnormal  temperature  which  may  occur  in  the  course 
of  a  fever  or  at  its  termination  is  due  to  the  rapid  liberation  of  the 
protein  poison,  which  in  small  doses  causes  an  elevation,  and  in 
larger  doses  a  depression,  of  temperature. 

(19)  Fever  per  se  must  be  regarded  as  a  beneficent  phenomenon 
inasmuch  as  it  results  from  a  process  inaugurated  by  the  body  cells 
for  the  purpose  of  ridding  the  body  of  foreign  substances. 

(20)  The  evident  sources  of  excessive  heat  production  in  fever 
are  the  following: 

(a)  That  arising  from  the  unusual  activity  of  the  cells  supplying 
the  enzvme. 
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(b)  That  arising  from  the  cleavage  of  the  foreign  protein. 

(c)  That  arising  from  the  destructive  reaction  between  the  split 
products,  from  the  foreign  protein  and  proteins  of  the  body. 

In  1910  Friedberger  13  studied  the  effects  of  graduated  doses  of 
foreign  proteins  on  the  temperature  of  both  normal  and  sensitized 
animals.  With  lambs'  serum  intravenously  administered  to  normal 
guinea  pigs  he  obtained  the  following  results : 

5.0  cubic  centimeter  equals  fatal  dose. 

0.5  cubic  centimeter  equals  limit  for  fall  in  temperature. 

0.01  cubic  centimeter  equals  upper  constant. 

0.005  cubic  centimeter  equals  fever  plane. 

0.001  cubic  centimeter  equals  lower  constant. 

In  sensitized  guinea  pigs  the  above  figures  were  changed  to  the 
following : 

0.005  cubic  centimeter  equals  fatal  dose. 
0.0005  cubic  centimeter  equals  limit  for  fall. 
0.00001  cubic  centimeter  equals  upper  constant. 
0.000005  cubic  centimeter  equals  limit  for  fever. 
0.000001  cubic  centimeter  equals  lower  constant. 

In  1911  Schittenhelm,  Weichardt,  and  Hartmann  14  experimented 
with  the  effect  of  the  parenteral  administration  of  diverse  proteins 
on  animal  temperature  and  came  to  the  following  conclusion,  which, 
in  our  opinion,  is  well  stated :  "  In  severe  experimental  anaphylaxis 
there  is  a  fall  in  temperature;  in  the  lighter  manifestations  there  is 
fever."  We  regard  this  as  a  confirmation  of  our  conclusion  reached 
some  years  earlier.  "  Small,  especially  repeated,  doses  of  the  protein 
poison  cause  fever,  while  large  doses  depress  the  temperature." 

Some  years  ago  Friedmann  and  Isaak15  showed  that  after  the 
parenteral  introduction  of  foreign  proteins  the  increase  in  nitrogen 
elimination  is  greater  than  can  be  accounted  for  by  the  protein 
injected.  This  has  been  confirmed  by  the  work  of  Schittenhelm  and 
Weichardt 16  and,  as  has  been  stated,  Vaughan,  Wheeler,  and  Gidley 
found  the  same  in  protein  fever.  Our  explanation  for  the  marked 
increase  in  nitrogen  elimination  has  been  given. 

In  intermittent  and  remittent  fevers  and  in  relapses  in  all  infec- 
tious diseases  the  phenomena  of  protein  sensitization  are  fully 
demonstrated.  In  the  different  forms  of  malaria,  chill  and  fever 
correspond  to  the  discharge  of  foreign  protein  into  the  blood  just 
as  promptly  as  anaphylactic  symptoms  follow  the  injection  of  the 
homologous  protein  in  a  sensitized  animal.  The  moment  the  blood 
cells  rupture  and  the  protozoal  protein  is  disseminated  the  sensi- 
tized cells  discharge  the  lytic  ferment  by  which  the  foreign  protein 
is  disrupted  and  destroyed,  but  in  this  process  the  poison  is  liberated. 

Local  sensitization  is  frequently  established  in  the  mucous  mem- 
brane of  the  air  passages  and  of  the  alimentary  canal,  also  in  the  skin 
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for  two  reasons.  In  the  first  place,  foreign  proteins  are  frequently 
brought  into  direct  contact  with  these  tissues,  and  in  the  second  place, 
as  has  been  shown  in  my  laboratory,  foreign  proteins  introduced  into 
the  blood  are  frequently  deposited  in  the  skin  and  in  the  walls  of  the 
alimentary  canal.  These  local  sensitizations  characterize  many  of  the 
infectious  diseases.  The  work  of  Dunbar  and  Weichardt  on  hay 
fever  is  a  nice  illustration.  These  investigators  injected  each  other 
subcutaneously  with  minute  quantities  of  pollen  suspension.  Im- 
mediately Dunbar,  being  a  hay-fever  subject,  became  dizzy  and  within 
a  few  minutes  began  to  sneeze,  then  a  whoopinglike  cough  began. 
The  eyes  were  congested,  and  an  abundant  secretion  flowed  from  the 
nose.  The  face  became  swollen  and  cyanotic,  and  soon  the  body  was 
covered  with  an  urticarial  rash.  After  24  hours  these  symptoms  sub- 
sided. Weichardt,  not  being  a  hay-fever  subject,  was  not  affected. 
That  this  and  kindred  affections  are  not  benefited  by  antisera  was 
abundantly  and  positively  demonstrated  by  the  failure  of  the  so- 
called  hay-fever  serum,  which  was  found  in  no  instance  to  be  of 
special  value,  and  in  some  it  greatly  intensified  the  symptoms. 

Our  common  colds,  or  coryzas,  are  instances  of  local  sensitization. 
Schittenhelm  and  Weichardt  tell  of  a  man  who  was  so  deeply  sen- 
sitized by  the  inhalation  of  Witte's  pepton  that  he  could  tell  on  enter- 
ing the  laboratory-  whether  the  pepton  flask  was  open  or  closed,  and 
some  moist  pepton  painted  on  the  skin  caused  the  area  covered  to  be- 
come red.  The  high  degree  of  susceptibility  to  odors  from  the  horse 
shown  by  some  people  has  already  been  referred  to.  It  seems  in  some 
instances  that  this  susceptibility  is  transmitted  from  mother  to  child. 

In  conclusion,  I  wish  to  state  that  all  the  problems  of  protein  sensi- 
tization have  not  been  solved.  It  seems  to  be  a  physiologic  law  that 
the  specific  ferments  elaborated  by  living  cells  are  determined  by  the 
proteins  brought  into  contact  with  them,  but  as  yet  we  know  but  little 
concerning  these  bodies  which  we  call  ferments.  That  they  are  labile 
chemical  bodies  resulting  from  intramolecular  rearrangement  in  the 
protein  molecules  of  the  cell  seems  a  plausible  theory,  but,  at  present, 
it  is  only  a  theory.  We  know  but  little  of  the  action  of  these  so- 
called  ferments  upon  their  homologous  proteins.  Our  knowledge  of 
the  chemistry  of  protein  sensitizers  is  exceedingly  limited,  and,  as  I 
have  pointed  out,  it  is  highly  desirable  that  work  in  this  direction 
should  be  prosecuted  with  vigor,  because  we  need  sensitizers  free  from 
the  poisonous  group.  Furthermore,  there  is  the  question,  why  small 
doses  of  protein  induce  fever  while  large  doses  have  no  such  effect. 
At  present  we  have  no  satisfactory  answer  to  this  question.  If  it 
could  be  conclusively  demonstrated  that  the  toxins  are  ferments,  the 
subject  of  the  etiology  of  disease  would  be  greatly  simplified.  I  have 
elsewhere  17  given  my  reasons  for  holding  that  the  toxins  are  fer- 
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ments,  and  in  closing  this  paper  I  wish  to  formulate  what  I  believe  to 
be  two  biologic  laws : 

(1)  When  the  body  cells  find  themselves  in  contact  with,  or  per- 
meated by,  foreign  proteins,  they  elaborate  specific  ferments  which 
digest  and  destroy  the  foreign  proteins. 

(2)  When  body  cells  are  attacked  by  destructive  ferments,  they 
elaborate  antiferments,  the  function  of  which  is  to  neutralize  the  fer- 
ments and  thus  protect  the  cells. 
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STUDIES  ON  THE  LOCUS  OF  ANTIBODY  FORMATION". 

By  Frederick  P.  Gay  and  G.  Y.  Rusk,  from  the  Hearst  Laboratory  of  Pathology 
and  Bacteriology,  University  of  California. 

Since  the  critical  work  of  Knorr  1  on  toxins  it  has  been  generally 
accepted  that  antibodies  are  formed,  not  by  a  simple  inversion  of 
antigens,  but  by  a  reaction  on  the  part  of  the  cells  of  the  animal  that 
has  received  the  antigen.  Correlatively,  it  has  been  assumed  that  cer- 
tain cells  have  a  particular  affinity  for  a  given  antigenic  substance 
and  are  presumably  specifically  fitted  to  produce  the  corresponding 
antibody.  Ehrlich's  receptor  hypothesis,  while  stating  this  assump- 
tion more  concretely,  has  in  no  instance  given  direct  proof  that  any 
particular  type  of  cell  gives  rise  to  any  given  antibody.  The  experi- 
ment of  Wassermann  and  Takaki 2  that  demonstrated  the  apparent 
neutralization  of  tetanus  toxin  by  brain  substance  is  no  longer  re- 
garded as  a  proof  of  the  nerve-cell  origin  of  tetanus  antitoxin.  In- 
deed the  work  of  Loewi  and  Meyer  3  would  show  that  injection  of 
the  toxin  into  nervous  tissue  produces  an  increased  susceptibility  of 
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the  animal  to  tetanus  toxin  rather  than  an  increased  resistance. 
The  fact  that  tetanus  toxin  disappears  rapidly  from  the  circulating 
blood  of  susceptible  animals  and  may  soon  be  demonstrated  in  the 
central  nervous  system  would  not,  it  would  seem,  prove  conclusively 
that  the  toxin  may  not  also  have  been  fixed  and  neutralized  by  other 
body  cells.  At  least  it  would  seem  necessary  to  assume  that  the 
cells  responsible  for  the  antitoxin  formation  must  first  fix  the  an- 
tigen. This  proof  of  antigen  fixation,  indeed,  constitutes  one  of  the 
methods  that  have  been  employed  in  searching  for  the  locus  of  an- 
tibody formation.  The  only  other  apparent  method  of  determining 
antibody  origin  would  seem  to  lie  in  the  early  demonstration  of 
antibodies  in  given  cell  groups  before  they  are  demonstrable  in  the 
circulating  blood. 

Very  little  information,  therefore,  on  the  site  of  antibody  forma- 
tion has  been  gained  from  studies  on  toxin  and  antitoxin.  Our 
information,  inconclusive  as  it  is,  has  been  obtained  from  the  work 
with  other  antibodies,  and  we  would  do  well  to  consider  first  what 
data  have  been  accumulated  in  respect  to  each  of  the  antibody 
types  in  turn. 

BACTERIOLYSINS. 

Pfeiffer  and  Marx4  inaugurated  the  first  systematic  attempts  to 
discover  the  origin  of  lytic  antibodies.  Their  work  would  seem  to 
indicate  very  clearly  that  the  protective  antibodies  directed  against 
the  cholera  spirillum  are  elaborated  in  the  leucopoietic  organs,  par- 
ticularly in  the  spleen,  but  to  a  less  extent  in  the  bone  marrow,  inas- 
much as  extracts  of  these  organs  protect  guinea  pigs  from  infection 
before  the  blood  serum  does.  Deutsch5  essentially  corroborated 
these  findings  with  B.  typhosus  and  Castellani 6  with  B.  dysenteriae. 
Levaditi's 7  conclusions  from  his  work  with  the  spirillum  of  hen 
septicemia  were  likewise  corroborative,  but  his  conclusions  would 
not  seem  justified  by  the  experimental  evidence.  These  authors  all 
agree  that  the  spleen  is  not  essential,  as  its  removal  at  best  but 
slightly  inhibits  antibody  formation;  the  bone  marrow  and  lymph 
nodes  are  secondarily  concerned. 

A  careful  inspection  of  Levaditi's  experiments  would  seem  to  point 
to  the  blood  stream  as  a  possible  source  of  antibodies,  although  his 
conclusions  are  different.  Several  authors,  however,  have  attempted 
to  disprove  experimentally  the  local  or  leucocytic  origin  of  the  bac- 
teriolysins.  Thus  Stenstrom8  found  that  the  injection  of  bacteria 
plus  leucocytes  led  to  less  antibody  production  than  the  injection  of 
bacteria  alone.  Pfeiffer  and  Marx  found  less  antibodies  in  the 
ground  leucocytes  of  immunized  animals  than  in  the  plasma. 
Deutsch  found  the  lysins  were  not  present  in  peritoneal  exudate  and 
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Paetsch8  extended  this  finding  so  as  to  include  both  pleural  and 
peritoneal  exudates  and  the  lining  endothelia  of  these  cavities. 

Violle's 10  injections  into  the  gall  bladder  for  the  rapid  production 
of  antibodies  indicate  the  possible  function  of  the  liver  in  this  con- 
nection, which  is  emphasized  more  distinctly  in  work  with  other 
antibodies. 

HEMOLYSINS. 

Metchnikoff 1X  and  Cantacuzene 12  originally  suggested,  on  what 
would  seem  to  be  largely  philosophical  grounds,  that  the  hemolysins 
may  be  formed  by  the  leucocytes  owing  to  the  recognized  phagocy- 
tosis of  blood  cells  by  the  mononuclears.  The  output  of  "  fixatives," 
according  to  Metchnikoff,  varies  directly  with  the  degree  of  phago- 
cytosis. There  is  direct  evidence  that  goes  to  prove,  however,  that 
these  bodies  are  not  formed  in  the  blood  stream.  McGowan13 
showed  that  no  leucocytosis  follows  the  injection  of  alien  blood  and 
Hektoen  and  Carlson  14  have  shown  by  transfusion  experiments  that 
the  antigenic  properties  of  foreign  blood  cells  disappear  from  the 
circulation  within  seven  hours. 

Among  the  fixed  tissues,  the  liver  and  spleen  seem  to  have  shared 
the  honors  as  the  possible  sites  of  hemolysin  formation.  Leuck- 
hardt  and  Becht,15  following  the  work  of  Hektoen  and  Carlson, 
found  that  the  spleen  alone  of  the  organs  in  a  dog  that  has  received 
goat  or  rat  corpuscles  24  hours  previously  has  the  property  of  im- 
munizing new  animals.  As  a  proof  of  the  temporary  location  of  the 
red  blood  cells  that  have  been  injected,  this  evidence  is  undoubted, 
although  well  recognized  from  other  work ;  as  a  proof  of  the  spleen 
as  the  site  of  antibody  formation  it  would  seem  to  be  negative.  The 
statement  by  London16  that  splenectomy  decreases  the  formation  of 
hemolysins  is  categorically  denied  by  Jakuschewitch.17  Brezina18 
found  that  a  specific  serum  against  the  leucopoietic  organs  had  no 
effect  in  disturbing  hemolysin  formation.  Carrel  and  Ingebristen 19 
have  produced  hemolysins  in  the  growing  embryonic  spleen. 

The  evidence  in  favor  of  the  liver  as  the  site  of  hemolysin  for- 
mation is  more  positive.  Both  Cantacuzene 12  and  McGowan  13  have 
shown  the  function  of  Kupfers  cells  in  the  destruction  of  red  blood 
corpuscles.  Muller,20  in  an  interesting  paper,  has  apparently  traced 
normal  hemolysin  formation  to  the  liver  and  has  even  been  able  to 
stimulate  its  excretion  in  the  liver  suspended  in  Kinger's  solution 
outside  the  body,  by  transfusing  it  with  solutions  containing  iodine 
(iodipin).  A  further  contribution  to  the  stimulating  effect  of  iodin 
compounds  is  given  by  Hektoen  21  who  was  able  to  increase  the  output 
of  hemolytic  sensitizers  in  dogs  by  injecting  sodium  iodoxybenzoate. 
Violles  10  method  of  producing  antibodies  by  gall-bladder  injection 
has  already  been  referred  to  under  bacteriolysins. 
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AGGLUTININS. 

Whereas  the  evidence  for  bacteriolysin  formation  seemed  to  favor 
formation  in  the  spleen  or  liver,  the  evidence  for  the  locus  of  origin 
of  the  bacterial  agglutinins  points  distinctly  to  the  blood  stream. 
Thus  the  work  of  Deutsch,6  Castellani,6  Rath,22  Weil  and  Braun,23 
and  Kraus  and  Schiffmann  24  all  shows  that  the  agglutinins  appear 
in  the  blood  serum  before  they  are  present  in  the  extract  of  any 
organ.  Although  Gruber25  originally  suggested  that  the  polymor- 
phonuclears form  the  agglutinins,  no  experimental  evidence  goes  to 
prove  this.  The  experiments  of  Achard  and  Bensaud,28  Widal  and 
Sicard,27  of  Paetsch,9  and  of  Kraus  and  Schiffmann24  all  seem  to 
disprove  leucocytic  or  local  origin. 

There  is  some  evidence  of  agglutinin  formation  in  the  spleen 
offered  by  v.  Emden,28  Jatta,29  and  Girgoleff.5 
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PRECIPITINS    (ANTIBODIES  OF  SOLUBLE  ANTIGENS )  . 

In  the  case  of  precipitin  formation,  again  the  evidence  seems 
divided.  It  is  shown  by  two  sets  of  observers  (Petit  and  Carlson,31 
Vaughan,  Cumming,  and  McGlumphy32)  that  soluble  antigenic  sub- 
stances like  egg  white  or  serum  apparently  disappear  within  a  few 
hours  from  the  circulating  blood.  This  is  shown  by  the  impossi- 
bility of  producing,  in  the  one  set  of  experiments,  antibodies  in 
another  animal  that  is  liberally  transfused  with  such  blood,  and, 
on  the  other  hand,  by  the  failure  to  produce  anaphylaxis  in  guinea 
pigs  to  the  substance  originally  injected  (egg  white,  Vaughan  and 
collaborators).  In  apparent  contradiction  are  the  observations  of 
several  observers  on  the  relation  of  leucocytosis  to  precipitin  forma- 
tion. Thus  both  Cantacuzene 83  and  Swerew 34  have  noted  a  marked 
hyperleucocytosis  preceded  by  an  absolute  decrease  in  polymor- 
phonuclears, which  may  reasonably  be  related  to  the  liberation  of 
precipitins.  This  observation  fits  in  neatly  with  that  of  Hiss  and 
Zinsser,35  who  obtained  nonspecific  bacterial  precipitins  from  leuco- 
cytic extracts,  and  that  of  Stenstrom,8  who  found  that  hemologous 
leucocytes  injected  with  the  precipitinogen  increases  precipitin  out- 
put. Kraus  and  Schiffmann 24  emphatically  regard  the  blood  as  the 
source  of  precipitins,  whereas  Cantacuzene,  in  spite  of  his  evidence 
in  favor  of  the  leucocytes,  is  inclined  to  trace  precipitin  formation 
to  the  spleen. 

The  liver  is  by  no  means  to  be  overlooked  in  discussing  precipitin 
formation.  The  work  of  Manwaring,36  of  Nolf,37  and  of  Balizot,38 
on  anaphylactic  shock,  would  seem  to  point  to  the  liver  as  the  seat 
of  action,  and  so,  indirectly,  owing  to  the  relation  that  exists  between 
anaphylaxis  and  precipitins,  as  a  possible  location  of  the  latter 
substances. 
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It  is  evident  from  this  brief  survey  of  the  literature  that  no  general 
statement  can  be  made  on  the  locus  of  antibody  formation  in  gen- 
eral. It  may  well  be  that  each  of  the  antibody  types  is  produced 
in  a  different  place  or  places.  But  even  when  we  consider  the  pos- 
sible seat  of  origin  of  any  particular  class  of  antibodies,  we  are 
struck  by  the  apparent  confusion  in  the  acquired  data.  In  the  case 
of  any  of  them  we  may  still  say  that  the  antibody  may  be  formed 
either  in  the  blood  stream  or  in  the  fixed  tissues.  There  seems 
greatest  agreement  on  the  point  that  antibodies  are  formed  either 
by  the  leucocytes  or  the  leucocyte-forming  organs.  And  yet  a  good 
deal  of  recent  work  points  with  increasing  emphasis  to  the  liver,  an 
organ  which,  in  view  of  its  other  functions,  might  logically  likewise 
serve  to  produce  antibodies. 

Our  own  studies  on  antibody  formation  have  been  actively  in 
progress  for  over  a  year.  We  regard  them  hitherto  as  largely  pre- 
liminary and  they  have  led  rather  toward  establishing  certain  meth- 
ods of  attack  and  the  evolution  of  working  hypotheses  of  possible 
heuristic  value  than  to  any  conclusion  on  the  main  subject  at  issue. 
Certain  by-products  of  the  investigation  are  in  themselves  of  distinct 
interest,  although  their  results  are  negative  in  so  far  as  explaining 
antibody  formation  is  concerned.  Two  incidental  investigations 
may  first  be  summarized  before  dealing  with  the  work  that  bears 
more  directly  on  the  site  of  antibody  formation : 

I.    THE  EFFECT  OF  IODIPIN  ON  THE  OUTPUT  OF  ARTIFICIAL  HEMOLYSINS.39 

Muller's20  experiments  led  him  to  the  conclusion  that  both  nor- 
mal sensitizer  (amboceptor)  and  alexin  are  formed  in  the  liver, 
but  that  their  output  depends  on  the  stimulating  action  of  the 
iodin  of  the  thyroid  gland.  This  author  finds  that  the  injection  of 
thyroid  preparations,  or  of  various  iodine  preparations,  notably  of 
iodipin  (Merck,  25  or  10  per  cent  of  iodin),  produces  a  distinct 
increase  in  from  24  to  36  hours  of  the  normal  hemolysins  in  rab- 
bits and  other  animals.  As  already  stated,  this  increase  comprises 
not  only  an  increase  in  alexin,  as  tested  on  blood  cells  sensitized  by 
an  artificial  hemolysin,  but  an  increase  of  the  normal  hemolytic 
sensitizer.  Hektoen  21  has  further  found  an  increase  in  hemolytic 
sensitizers  in  dogs  that  received  a  single  dose  of  goat's  blood  over 
the  amount  produced  in  control  dogs  on  giving  injections  of  sodium 
iodoxybenzoate.  This  alleged  increase  of  normal  hemolytic  sensi- 
tizers immediately  suggested  the  importance  of  determining  the 
effect  of  iodin  on  artificial  hemolysins,  not  only  as  a  matter  in  itself 
of  theoretical  and  perhaps  of  practical  importance,  but  as  bearing 
on  the  origin  of  antibody  formation.  Differences  that  might  appear 
in  the  hemolytic  potency  of  the  sera  of  immunized  animals  would 
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presumably  be  more  striking  than  corresponding  differences  in  nor- 
mal hemolysins,  owing  to  the  much  greater  strength  oi  immune  sera. 
Our  experiments  deal,  first,  with  the  effect  of  a  single  injection  of 
iodipin  (Merck,  10  per  cent)  in  rabbits  that  had  been  immunized  by 
several  injections  of  washed  guinea-pig  corpuscles.  In  several  ex- 
periments a  control  animal  that  had  been  immunized  in  a  similar 
manner,  but  that  received  no  iodipin,  was  carried  through.  The 
animals  with  and  without  iodipin  were  bled  before  injection  from  the 
ear  and  at  intervals  subsequently;  the  separate  sera  were  heated  at 
once  to  56°  for  one-half  hour,  and  at  the  end  of  the  experiment  all 
were  tested  for  hemolytic  units  at  the  same  time  with  the  same  cor- 
puscles and  alexin.  In  other  experiments  a  critical  intravenous  re- 
injection  of  the  antigenic  blood  was  given  in  two  highly  immunized 
rabbits,  and  on  the  following  day  one  of  them  was  given  iodipin. 
Both  sera  were  then  tested  at  intervals  for  hemolytic  potency.  There 
was  no  evidence  from  any  of  these  experiments  that  the  injection  of 
iodipin  will  increase  the  output  of  artificial  hemolysins  in  the  im- 
munized rabbits. 

II.  HISTOLOGICAL  STUDIES  OF  THE  TISSUES  IN  IMMUNIZED  ANIMALS  WITH 
A  COMPARISON  OF  CHEMICAL  AND  MICROCHEMICAL  TESTS  FOR  GLYCO- 
GEN.40 

The  histopathological  studies  of  Gay  and  Southard41  in  serum 
anaphylaxis  in  the  guinea  pig  have  seemed  an  interesting  contribu- 
tion to  the  relation  of  structure  to  function.  These  authors  found 
that  anaphylactic  intoxication  is  accompanied  by  definite  lesions  in 
the  nature  of  hemorrhages  and  more  particularly  by  fatty  changes 
in  parenchyma  and  in  the  endothelium.  These  endothelial  fat 
changes  could  be  produced  in  a  few  minutes  following  intravenous 
injection  and  obviously  bear  direct  relation  to  the  cyclonic  symptoms 
of  the  syndrome.  It  occurred  to  us  that  similar  evidence  of  func- 
tional cellular  activity  might  be  histologically  demonstrable  in  the 
cells  that  are  engaged  in  antibody  formation.  For  this  purpose 
rabbits  were  highly  immunized  by  repeated  intravenous  injection  of 
washed  guinea-pig  corpuscles  and  following  a  rest  of  two  or  more 
weeks  were  given  a  critical  reinjection  of  1  cubic  centimeter  of 
washed  guinea-pig  blood  and  at  subsequent  intervals  bled  and  the 
tissues  fixed  in  various  ways  and  stained  by  many  methods.  The 
critical  reinjection  was  aimed,  obviously,  to  obtain  the  antibody- 
producing  cells  in  a  condition  of  highest  activity. 

In  the  first  experiment  a  series  of  immunized  rabbits  received 
each  the  critical  reinjection  of  antigen  and  were  then  bled  at  1,  4, 
and  24  hours  and  4  and  6  days  subsequently.  A  careful  histological 
study  of  tissues  from  this  series  showed  in  the  24-hour  animal  a  very 
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marked  increase  of  glycogen  in  the  liver  (Best's  carmine  stain,  alco- 
hol fixation).  The  animals  bled  before  and  after  this  period  gave 
a  regular  increase  and  decrease  of  glycogen  to  the  24-hour  maximum. 
A  more  careful  control  of  this  experiment  has  involved  us  in  techni- 
cal difficulties  that  seemed  too  time  consuming  and  led,  moreover,  to 
far  less  encouraging  results  than  the  first  experiment.  The  question 
of  the  effect  of  starvation  on  the  amount  of  glycogen  alone  seemed 
unsurmountable ;  it  was  found,  for  example,  that  rabbits  that  have 
not  been  fed  for  two  days  have  stomachs  stuffed  with  food.  We  are 
still  in  doubt  as  to  the  significance  of  our  first  find  of  increased 
glycogen.  An  attempt  to  correlate  the  microchemical  reaction  of 
glycogen  with  a  careful  chemical  analysis  of  total  glycogen  in  the 
liver  has,  however,  led  to  results  of  importance.  So  far  as  we  are 
aware,  there  has  been  no  systematic  comparison  between  the  chemical 
analysis  of  an  organ  and  microchemical  staining  reactions  in  a  sam- 
ple of  it.  Dr.  Rusk  has  studied  the  amount  and  distribution  of 
glycogen  in  sections  of  22  rabbit  livers  stained  by  the  Ehrlich  iodin 
method  and  the  Best  carmine  method,  with  a  chemical  analysis  of  a 
greater  (weighed)  portion  of  the  same  livers,  following  Pfluger's 
method  to  the  conversion  of  glycogen  to  glucose,  and  at  this  point 
introducing  Betrand's  modification  of  Fehling's  method  as  more 
accurate  in  measuring  the  amount  of  copper  reduced.  It  is  found 
that  the  microchemical  method  serves  to  give  somewhat  definite  in- 
formation as  to  the  amount  of  glycogen  present,  but  within  a  limited 
range  only,  for  when  the  chemical  analysis  showed  very  much  or 
very  little  glycogen  the  staining  method  was  at  times  wholly 
inadequate. 

III.    THE   FATE    OF    HORSE    SERUM    INJECTED    INTRAVENOUSLY    IN    NORMAL 

AND  IMMUNIZED  RABBITS. 

The  two  general  methods  that  have  been  and  may  be  employed  in 
seeking  antibody  origin  are  either  to  trace  the  course  of  the  injected 
antigen  to  some  group  of  cells  or  to  seek  the  precocious  appearance 
of  antibodies  in  extracts  of  a  given  group  of  cells.  The  latter  method 
is  the  one  that  has  been  used  most  frequently,  but  it  is  the  former 
that  we  have  employed.  Our  observations,  some  of  which  have 
already  been  published,42  began  with  a  study  of  the  fate  of  horse 
serum  injected  into  the  blood  stream  of  rabbits  that  had  been  im- 
munized against  horse  serum.  They  have  since  led  to  further  studies 
on  the  result  of  an  initial  injection  of  horse  serum  in  normal  rabbits. 
In  all  instances  our  results  deal  with  an  injection  of  one  cubic  centi- 
meter of  serum  intravenously. 

In  beginning  the  experiments  with  immunized  animals  it  was  neces- 
sary first  to  determine  the  best  method  of  detecting  the  antigen  that 
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was  reinjected.  It  was  found  that  when  horse  serum  is  injected  intra- 
venously in  rabbits  that  have  a  high  precipitin  content  for  horse  serum 
it  nevertheless  remains  demonstrable  by  the  fixation  reaction  or  the 
precipitin  reaction  for  24  hours.  The  reactions  are  carried  out  by 
adding  the  antigen-containing  antiserum  to  a  pure  antiserum.  After 
48  hours  the  antigen  is  no  longer  demonstrable.  The  persistence  of 
the  antigen  in  the  immune  animal  is  accompanied  by  a  fall  in  the 
precipitin  value  of  serum  (negative  phase).  It  is  of  interest  to  note 
that  although  this  antigen-containing  antiserum  will  not  precipitate 
or  fix  alexin  spontaneously,  it  will  react  with  another  antigenic  anti- 
serum as  well  as  with  a  pure  antiserum.  It  was  rather  surprising  to 
us  to  fail  in  any  conclusive  demonstration  of  the  antigen  by  the 
fixation  reaction  in  extracts  of  the  organs  of  these  same  immunized 
animals  (spleen,  lymph  nodes,  liver,  kidney,  and  muscles)  either 
at  the  same  time  the  antigen  is  present  in  the  blood  or  even  24  hours 
later. 

Of  undoubtedly  greater  significance  is  the  fact  that  neither  the 
antigen-containing  antiserum,  nor  the  organ  extracts  of  the  same 
animal  will  sensitize  guinea  pigs  to  subsequent  intoxication  by  horse 
serum.  We  compared  the  fixing  values  of  pure  horse  serum  and 
antigenic  antiserum,  and  although  one  fixing  dose  of  the  horse  serum 
will  sensitize  guinea  pigs,  many  fixing  doses  of  the  antigenic  anti- 
serum fail  to  do  so  (at  least  100).  This  would  explain  the  results 
of  Vaughan,  Cumming,  and  McGlumphy 32  who  found  that  egg 
white  apparently  disappears  from  the  circulation  in  a  few  hours 
when  tested  for  by  the  anaphylaxis  reaction.  It  is  perhaps  also  in 
harmony  with  the  work  of  Hektoen  and  Carlson14  and  of  Petit 
and  Carlson  31  who  proved  by  transfusion  that  the  antibody-incit- 
ing factor  in  blood  cells  or  in  serum  leaves  the  circulation  in  a  few 
hours.  We  might  possibly  assume  that  the  factor  in  the  antigen  that 
produces  the  antibody  differs  from  the  one  that  unites  with  it.  (Cfr. 
Bang  and  Forsmann.43 

The  results  of  injecting  horse  serum  into  normal  animals  are  also 
of  interest.  The  horse  serum  is  detectable  by  the  precipitin  and 
fixation  reactions  for  several  days.  It  apparently  does  not  sensitize 
in  large  doses  even  after  24  hours.  The  fixation  and  precipitinogen 
antigen  is  present  not  only  in  the  blood,  but  also  in  the  various  organ 
extracts  (in  this  case  carefully  freed  of  blood)  in  uniform  amounts 
on  the  seventh,  eighth,  ninth,  and  tenth  day.  Of  greatest  importance 
is  the  fact  that  the  corresponding  antibodies  have  begun  to  appear 
in  the  serum  two  or  three  days  before  the  antigen  disappears.  Simi- 
lar facts  have  been  noted  by  Hintze.44  It  is  evident  then  that  not 
all  the  antigen  is  used  up  in  producing  the  antibody.  We  have  to 
imagine  either  that  the  antigen  continues  to  unite  with  the  cell  or 
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stimulate  the  cell  for  some  time  after  antibodies  appear,  or  that  the 
antibody  stimulant  differs  from  the  antigen  fraction  that  unites  with 
the  antibody.  This  latter  hypothesis  seems  to  us  for  the  present 
the  most  valuable  for  a  working  basis.  It  explains,  moreover,  our 
own  failure  to  produce  anaphylaxis  (cfr.  also  Vaughan  and  his 
collaborators),  and  also  the  results  of  Hektoen  and  Carlson.  We  are 
continuing  our  work  with  this  as  a  working  hypothesis  and  also 
with  a  possible  further  elucidation  of  the  obscure  phenomenon  of 
anaphylaxis  in  mind. 
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DISCUSSION. 

Dr.  W.  H.  Park  :  Observations  made  on  the  injection  of  toxins  and 
antigens  into  the  blood  or  into  the  subcutaneous  or  other  tissues  in- 
dicate that  for  many  antibodies  several  varieties  of  cells  take  part. 
The  blood  in  an  animal  highly  immunized  to  diphtheria  toxin  contains 
about  100  times  the  quantity  of  antitoxin  as  the  tissue  fluids.  If  toxin 
is  added  to  antitoxin,  union  slowly  takes  place  and  the  combined  toxin 
is  no  longer  able  to  excite  the  production  of  antitoxin.  When  a  horse 
having  a  strongly  antitoxic  blood  is  injected  intravenously  with  a 
definite  amount  of  toxin  very  little  production  of  antitoxin  takes 
place,  because  most  of  it  is  neutralized  by  the  antitoxin  in  the  blood. 
The  same  amount  injected  in  scattered  spots  subcutaneously  will 
produce  a  large  amount  of  antitoxin.  The  part  absorbed  into  the 
blood  would  meet  the  same  fate  as  that  injected  intravenously.  It 
seems,  therefore,  certain  that  some  or  all  of  the  cells  in  the  area  in  the 
subcutaneous  tissues  that  the  toxin  reaches  must  take  part  in  pro- 
ducing antitoxin.  If  toxin  is  injected  through  the  trachea  into  the 
lungs  it  acts  in  the  same  way  as  when  injected  subcutaneously.  I 
have  seen  similar,  though  not  as  definite,  results  with  the  injection 
of  various  bacterial  antigens.  These  facts  seem  to  suggest  that 
more  varied  cells  than  Dr.  Gay  indicates  may  take  part  in  antibody 
formation. 

Dr.  Vaughn  thinks  that  the  ferment  is  formed  by  different  cells 
according  to  the  sensitizer  used.  He  referred  to  the  work  of  J.  W. 
Vaughan  on  sensitization  to  cancer  proteins  in  which  it  appears 
that  the  ferment  is  formed  in  the  large  mononuclear  leucocytes  and 
that  the  sensitization  is  transitory.  The  fact  that  the  nonpoisonous 
part  sensitizes  may  be  due  to  the  presence  of  a  minute  trace  of  un- 
broken proteins.  However,  this  seems  highly  improbable  because 
this  part  does  not  sensitize  to  itself. 
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ON"    THE    MECHANISM    OF    INTOXICATION    IN    PNEUMOCOCCUS 
ANAPHYLAXIS  AND  IN  PNEUMOCOCCUS  INFECTIONS. 

Dr.  E.  C.  Rosenow,  of  the  Memorial  Institute  for  Infectious  Diseases,  Chicago. 

I  wish  to  present  here  very  briefly  the  results  of  experiments  which 
it  is  believed  throw  some  light  upon  the  nature  of  intoxication  in 
pneumococcus  anaphylaxis  and  in  pneumococcus  infections.  It  is 
obviously  impossible  to  give  details  or  to  discuss  the  various  investi- 
gations which  bear  directly  or  indirectly  upon  results  obtained.  For 
these,  reference  must  be  made  to  the  more  complete  papers  published 
chiefly  in  the  Journal  of  Infectious  Diseases  during  the  past  few 
years. 

•When  normal  animals,  guinea  pigs  and  dogs,  are  injected  intra- 
venously with  dead  pneumococci  or  unautolysed  extracts  of  pneumo- 
cocci,  they  die  in  from  6  to  24  hours,  depending  upon  the  dose.  Sen- 
sitized animals  die  at  a  relatively  earlier  period  in  both  instances, 
and,  in  case  of  the  extract,  from  typical  symptoms  of  anaphylaxis. 

When  virulent  pneumococci  are  suspended  in  NaCl  solution,  espe- 
cially if  ether  is  added;  when  unautolysed  pneumococcus  extracts 
or  pneumococci  are  treated  with  immune  serum,  or  with  normal 
serum  alone,  or  with  a  combination  of  these,  there  appears  in  solu- 
tion, at  a  certain  period,  toxic  material  which  kills  guinea  pigs  and 
dogs  with  symptoms  characteristic  of  anaphylaxis  for  each  species. 
During  the  height  of  the  toxicity  for  normal  animals  the  mixtures 
containing  the  clear  extracts  have  already  lost  a  large  part  of  their 
toxicity  for  the  sensitized  animals,  and,  finally,  after  longer  resi- 
dence at  37°  C,  the  toxic  action  disappears  both  for  normal  and 
sensitized  guinea  pigs  and  dogs. 

The  toxic  material  obtained  from  pneumococci  in  vitro  and  in  the 
sensitized  animals  does  noi  differ  essentially  from  that  formed  dur- 
ing pneumococcus  infections,  because  the  same  type  of  toxic  material 
is  found  in  solution  in  various  pneumococcus  exudates,  and  because, 
after  these  are  washed  and  again  suspended,  in  NaCl  solution  at 
37  °  C.,  more  toxic  material  is  formed  in  vitro  and  also,  in  an  hour  or 
more,  following  immediate  injection  into  normal  animals.  When  ex- 
tracts of  pneumococcus  exudates  are  kept  at  37°  C.  for  a  longer  time, 
both  the  immediate  and  late  toxic  action  disappears,  just  as  in  the 
case  of  the  extracts,  in  NaCl  solution,  of  artificially  grown  pneumo- 
cocci. The  pneumococci  in  the  various  mixtures  which  yield  the  toxic 
substance  tend  to  become  Gram  negative  and  undergo  disintegration. 
This  is  most  marked  in  the  extracts  in  NaCl  solution.  Only  highly 
virulent  pneumococci  which  contain  an  autolytic  ferment,  and  which 
disintegrate  rather  rapidly,  yield  the  highly  toxic  substance.  Non- 
virulent  pneumococci  and  occasional  virulent  strains  which  either  do 
not  autolyse  at  all,  or  only  very  slowly,  do  not  yield  the  toxic  sub- 
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stance  when  suspended  in  NaCl  solution.  They  do  yield  it,  however, 
when  treated  with  immune  and  then  with  normal  serum,  or  with  nor- 
mal serum  only;  but,  in  each  case,  more  slowly  than  highly  virulent 
strains.  The  toxicity  of  the  pneumococci  disappears  as  they  dis- 
integrate and  become  Gram  negative,  and  then  no  toxic  substance  can 
be  obtained  even  when  treated  with  fresh  serum.  The  appearance 
and  disappearance  of  the  toxic  substance,  when  virulent  pneumococci 
are  suspended  in  NaCl  solution,  has  been  proved  to  be  associated  with 
proteolysis.  Proteolysis  does  not  occur  in  case  of  nonvirulent  pneu- 
mococci. When  unautolysed,  heated  (60°  C.  one  hour)  pneumococcus 
extracts  are  treated  side  by  side  with  sensitized  and  normal  serum,  it 
is  found  that  the  mixture  in  sensitive  serum  becomes  toxic  at  an 
earlier  period  than  that  in  normal  serum,  and  it  also  disappears  cor- 
respondingly earlier.  Polariscopic  measurements,  made  at  the  same 
time,  show  a  more  rapid  decrease  in  levorotation  in  the  former,  indi- 
cating that  here  too  the  appearance  and  disappearance  of  the  toxic 
substance  occurs  simultaneously  with  proteolysis. 

By  grinding  pneumococci  in  the  cold  I  have  been  able  to  show  that 
little  toxic  material  is  preformed  within  them.  The  extracts  ob- 
tained in  this  way,  when  injected  at  once,  produce  no  immediate 
symptoms,  but  death  within  24  hours;  after  they  are  kept  at  37°  C. 
for  a  time,  they  cause  death  in  a  few  moments;  and,  still  later,  they 
produce  neither  immediate  nor  late  symptoms.  It  seems  certain, 
therefore,  that  mature  pneumococci  contain  little  preformed  toxic 
matter,  but  yield  a  large  amount  as  they  disintegrate,  both  in  vitro 
and  in  vivo,  and  it  makes  no  essential  difference  whether  they  are 
grown  artificially  or  in  the  infected  host. 

A  comparative  study  of  the  toxicity  of  meat  broth,  and  the  cor- 
responding clear  culture;  fluid  or  filtrate,  shows  that  the  latter  is 
strikingly  more  toxic  than  the  former.  This  has  been  shown  not  to 
be  due  to  increase  in  acidity.  Formol  titration  shows  a  correspond- 
ing increase  in  amino  nitrogen.  The  exact  source  of  the  toxic 
material  in  this  case  is  not  entirely  clear.  I  have  pointed  out  that 
extracts  of  virulent  pneumococci,  in  distinction  to  those  of  nonviru- 
lent pneumococci,  liberate  a  proteolytic  enzyme.  In  order  to  deter- 
mine whether  this  or  other  ferments  obtainable  from  virulent  pneu- 
mococci may  produce  similar  toxic  material  from  protein  other  than 
that  contained  in  pneumococci,  and  at  the  same  time  produce  protein 
cleavage,  diminishing  amounts  of  broth  culture  filtrates  and  filtered 
extracts  in  NaCl  solution  were  added  to  meat  broth  and  heated 
ascites  meat  broth,  and  placed  at  37°  C.  It  was  found  that  both 
the  broth  culture  filtrate  and  NaCl  solution  extract  cause  an  increase 
in  toxicity  and  amino  nitrogen.  Neither  of  these  could  possibly 
have  had  their  origin  in  the  small  quantity  of  culture  filtrates  or 
extracts  which   were   added.     Hence   a  proteolytic  enzyme  escapes 
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from  virulent  pneumococci,  which  is  responsible  for  part  of  the  pro- 
tein splitting,  and  the  increase  in  toxicity  when  pneumocacci  are  cul- 
tivated in  broth.  A  portion  of  the  protein  splitting,  on  the  other 
hand,  is  intimately  associated  with  the  growth  of  the  pneumococci. 
This  is  probably  independent  of  the  soluble  ferment,  because  growth 
of  nonvirulent  pneumococci  and  streptococci,  from  which  no  soluble 
proteolytic  enzyme  can  be  obtained,  causes  both  a  splitting  and  an 
increase  in  toxicity  when  cultivated  in  broth. 

The  relation  of  protein  splitting  to  the  production  of  toxic  sub- 
stances is  further  shown  by  the  following  facts :  The  increase  in  tox- 
icity in  the  mixtures  of  meat  broth  and  culture  filtrates  and  extracts 
is  proportionate  to  the  amount  of  protein  splitting  up  to  a  certain 
point;  after  that,  the  toxicity  diminishes  and  the  splitting  increases. 
In  the  broth  cultures  from  which  the  pneumococci  are  not  removed, 
whether  killed  by  adding  ether  or  not,  the  late  diminution  in  toxicity 
is  not  observed.  In  this  connection,  the  following  interesting  facts 
should  be  mentioned:  The  proteolytic  enzyme  is  more  resistant  to 
heat  and  long  standing  in  the  broth  culture  filtrates  than  in  the  NaCl 
solution  extracts.  The  toxic  effect  of  clear  pneumococcus  extracts 
disappears  promptly  when  heated  to  60°  C.,  whereas,  in  the  NaCl 
solution  suspensions,  in  which  a  rather  large  number  of  unautolysed 
pneumococci  are  still  present,  heating  to  60°  C.,  and  even  boiling  for 
10  minutes,  often  diminishes  the  toxicity  only  slightly.  The  toxicity 
now  remains  indefinitely  on  standing.  This  is  especially  true  when 
the  suspension  is  plunged  at  once  into  boiling  water.  In  a  similar 
manner  the  clear  broth  culture  filtrates  lose  their  toxicity  more 
readily  than  the  broth  culture  fluids  from  which  the  pneumococci 
are  not  removed,  but  not  as  readily  as  the  clear  extracts.  Finally, 
when  pneumococcus  broth  cultures,  to  which  ether  has  been  added, 
are  kept  at  37°  C.  for  a  long  time  and  then  filtered,  and  the  proteoly- 
tic enzyme  is  no  longer  active,  then  heating  the  clear  filtrate  no 
longer  diminishes  the  toxicity.  From  these  facts,  it  appears  that 
the  toxic  substance  is  really  a  stable  compound,  and  that  its  disap- 
pearance from  the  mixtures  is  due  to  ferment  action.  Hence  its 
disappearance  on  heating  the  clear  extracts  when  the  supply  of  ma- 
terial from  which  more  toxic  substance  is  made  is  limited,  and  its 
persistence  in  the  suspensions  when  the  supply  is  abundant. 

Protein  splitting  is  undoubtedly  a  factor  in  the  production  of  the 
toxic  substance ;  but  that  it  is  not  the  only  factor  is  indicated  by  the 
fact  that  occasionally  no  perceptible  increase  in  amino  nitrogen  is 
found  in  mixtures  which  are  nontoxic  at  first,  very  toxic  later,  and 
again  nontoxic  still  later. 

From  these  facts  it  would  appear  then  that  there  are  three  more  or 
less  independent  sources  of  toxic  material  during  pneumococcus 
infections,  each  one  of  which  is  closely  related  to  protein  cleavage. 
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They  are  (1)  the  pneumococci  themselves  (structural  nitrogen)  ;  (2) 
growth  in  fluids  or  exudates  (metabolic  nitrogen) ;  and  (3)  the 
action  of  the  proteolytic  enzyme  on  protein  derivatives  other  than 
those  from  pneumococci.  Certain  facts  indicate  that  other  enzymes 
probably  also  play  a  role  in  the  production  and  destruction  of  the 
toxic  substances. 

A  study  of  the  action  of  the  toxic  substances  obtainable  from  pneu- 
mococci shows  that  the  various  drugs  and  procedures  which  protect 
sensitized  guinea  pigs  against  immediate  anaphylaxis  protect  normal 
guinea  pigs  against  the  toxic  substance.  Injections  in  the  jugular 
vein  or  right  heart  produce  severer  symptoms  than  injections  in  the 
left  heart.  Portal  injections  in  well-fed  guinea  pigs  produce  little  or 
no  pulmonary  symptoms ;  whereas,  in  starved  animals,  the  symptoms 
are  as  marked  as  after  jugular  injections. 

The  toxic  substance  is  soluble  in  ether.  Guinea  pigs  which  are 
injected  a  short  time  previously  (2  to  24  hours)  with  nonfatal  doses 
of  toxic  extracts,  and  especially  of  the  extracts  from  which  the 
toxicity  has  disappeared,  are  protected  against  fatal  doses  of  extracts. 
This  seems  specific  for  pneumococcus  products,  because  injections  of 
Nad  solution,  broth,  and  extracts  of  typhoid  bacilli  do  not  render 
guinea  pigs  refractory  to  toxic  pneumococcus  autolysates.  After  it 
was  found  that  the  toxic  substance  was  soluble  in  ether,  the  protec- 
tive effect  of  the  extracts  after  ether  extraction,  and  of  the  ether 
soluble  portion,  was  tested.  The  former  afforded  protection,  while 
the  latter  did  not.  It  has  been  found  further  that  the  nontoxic 
extract  affords  protection  in  the  guinea  pig  against  properly  gauged 
doses  of  virulent  pneumococci,  whereas  the  toxic  substance  hastens 
death. 

Dead  pneumococci  and  pneumococcus  extracts,  when  injected  in 
man,  produce  an  increase  in  opsonin  after  an  initial  negative  phase, 
while  autolysed  pneumococci,  which  have  lost  their  toxic  action, 
cause  a  more  prompt  rise  in  opsonin.  By  injecting  proper  doses  of 
a  combination  of  the  toxic  autolysates  and  autolysed  pneumococci,  I 
have  been  able  to  produce  a  continued  negative  phase  similar  to  that 
observed  in  overwhelming  pneumococcus  infections.  The  mechanism 
of  immunity  seems  paralyzed. 

It  is  generally  held  that  intoxication  and  immunization  are  due  to 
the  same  cause.  The  above  results  indicate  strongly,  as  also  do  cer- 
tain clinical  facts,  that,  in  pneumococcus  infections,  at  least,  this 
seems  not  to  be  so,  but  that  here  there  are  produced  substances  which 
intoxicate,  but  which  do  not  call  forth  protective  reactions,  and  which 
probably  actually  interfere  wTith  antibody  formation. 
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TRANSFER  OF  IMMUNITY  THROUGH  COLOSTRUM. 

Dr.    L.    W.    Famulener,   Research    Laboratory,    Department   of   Health,    New- 
York  City. 

Over  a  century  ago  Huf eland *  suggested  that  the  milk  excreted  by 
a  mother  who  had  recovered  from  smallpox  might  exert  a  protective 
power  over  the  nursing  infant.  He  based  this  supposition  upon  the 
infrequency  of  smallpox  among  infants  during  the  first  months  after 
birth.  It  is  noteworthy  that  the  theoretical  explanation  which  he 
suggested  took  in  account  hypothetical  antipoisons  which  roughly 
corresponded  to  our  present  idea  of  antitoxins  or  immune  bodies. 

Many  years  later  the  isolation  and  successful  cultivation  of  specific 
organisms  causing  various  infectious  diseases  was  accomplished  and 
methods  of  animal  immunization  were  developed.  Experimental 
studies  showed,  in  some  instances,  that  animals  which  had  been  pre- 
viously immunized  gave  birth  to  young  which  were  also  immune  to 
the  specific  infectious  agent.  This  was  commonly  supposed  to  be 
an  inherited  immunity  on  the  part  of  the  offspring.  In  1892  Ehrlich 
published  his  basic  studies  upon  this  subject.  By  those  well-known 
experiments  in  which  he  immunized  mice  by  feeding  the  toxalbumins, 
abrin  and  ricin,  he  showed  that  the  young  from  such  mothers  were 
immune.  He  considered  this  a  passive  immunity  and  not  a  true 
inherited  condition.  The  offspring  in  those  cases  acquired  their  anti- 
bodies in  part  before  birth  from  the  mothers'  circulating  fluids 
and  in  part  after  birth  from  the  mothers'  milk.  He  proved  by  placing 
normal  young  upon  immune  nurses  that  the  milk  transmitted  specific 
antibodies  which  were  absorbed  unchanged  by  the  nurslings  and 
caused  their  immunization.  Those  studies  firmly  established  the 
important  role  which  the  milk  of  immunized  mothers  may  play  in 
transmitting  immunity  to  the  offspring.  It  was  soon  found  by 
Ehrlich  and  his  coworkers  that  other  animals,  such  as  goats,  when 
immunized  against  tetanus  or  diphtheria  during  the  period  of  lacta- 
tion excreted  the  respective  antitoxins  with  the  milk;  the  amount  of 
antitoxins  in  the  milk  increased  as  the  content  in  the  animal's  serum 
rose. 

Since  those  early  studies  numerous  investigations  have  been  re- 
ported along  similar  lines,  which  show  that  the  milk  of  highly 
immunized  animals  may  contain  any  of  the  common  types  of  anti- 
bodies; the  presence  of  antitoxins,  specific  agglutinins,  cytolysins, 
precipitins,  etc.,  have  been  demonstrated  in  the  milk  of  immunized 
animals.  In  some  instances  their  transmission  and  absorption  in  an 
unchanged  condition  have  been  proved  in  the  blood  serum  of  the 
nursing  young.  We  may  accept  as  an  established  fact  that  anti- 
body-bearing milk  is  an  important  factor,  under  certain  restricted 
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conditions,  in  the  transmission  of  immunity  to  the  nursing  young. 
This  ability  depends  much  upon  the  antibody  concentration  of  the 
milk;  the  age  of  the  recipient  is  also  an  important  factor.  In 
general,  the  newly  born  animal  quite  readily  absorbs  antibodies  in 
an  unchanged  condition.  As  a  general  thing,  animals  actively  im- 
munized during  the  period  of  lactation  do  not  show  an  antibody 
concentration  of  the  milk,  as  compared  to  the  blood  serum,  greater 
than  one-twentieth  of  the  serum  value.  The  relative  values  are 
usually  much  less,  probably  depending  in  part  upon  the  antigens 
used  for  immunizing  purposes.  Further,  under  such  circumstances 
the  increase  in  age  of  the  offspring  precludes  the  absorption  of  the 
antibody  of  the  milk  in  an  unchanged  condition  when  taken  as  food. 
Experimental  evidence  would  indicate  that  the  most  favorable 
condition  for  the  transmission  of  immunity  from  the  mother  to  the 
offspring  through  the  milk  exists  at  the  time  of  the  birth  of  the 
young.  This,  naturally,  means  that  the  mother  must  be  immunized 
some  time  previously  in  order  that  milk  from  the  first  may  bear  suffi- 
cient quantity  of  the  specific  substances.  Since  we  have  had  an 
opportunity  to  carry  out  certain  experiments  along  this  line,  a  brief 
report  of  the  results  may  prove  to  be  of  interest.  Immunizations 
were  carried  out  upon  female  goats,  by  repeated  subcutaneous  in- 
jections of  washed  sheep-blood  cells,  at  different  periods  before  the 
birth  of  the  young.  In  order  to  prevent  the  young  from  taking  the 
colostrum  at  birth  before  samples  of  their  blood  were  secured,  the 
adult's  nipples  were  previously  sealed  with  collodion.  As  soon  as 
possible  after  the  birth  of  the  young,  a  blood  sample  was  taken  from 
the  kid ;  then  the  seals  were  removed  from  the  mother's  nipples  and 
a  sample  of  colostrum  taken ;  finally  a  blood  sample  was  taken  from 
the  adult.  Immediately  after  the  first  blood  sample  was  drawn  from 
the  newly  born  animal  and  the  colostrum  sample  taken  from  the 
mother,  the  young  was  permitted  to  suckle  and  remain  with  the 
mother  from  that  time  onward.  Both  blood  and  milk  samples  wTere 
taken  from  the  mother  and  blood  samples  from  the  suckling  at 
intervals  for  some  time  following  the  period  of  birth.  The  assembled 
samples,  which  had  been  kept  in  the  ice  box,  were  all  tested  at  the 
same  time  in  parallel,  thus  giving  comparable  results.  In  some  in- 
stances the  colostrum  was  found  to  contain  more  specific  antibodies 
than  the  mother's  serum  did  at  time  of  birth  of  the  young.  Usually 
in  those  cases  the  immunization  had  been  carried  out  several  weeks 
previously,  and  the  serum  antibodies  had  greatly  diminished  in 
quantity.  The  antibody  content  of  the  colostrum  milk  rapidly  di- 
minished as  the  milk  excretion  set  in  and  was  usually  negative  after 
a  few  days.  In  case  of  twins,  one  was  removed  from  the  mother,  a 
blood  sample  taken,  and  then  placed  upon  cow's  milk  as  a  control. 
Samples  of  blood  taken  from  kids  at  time  of  birth   (before  being 
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permitted  to  suckle  mother)  and  those  from  the  kid  which  was  fed 
cow's  milk  never  showed  the  presence  of  haemolysins  by  the  test 
used.  Therefore  we  must  conclude  that  little,  if  any,  passed  from  the 
mother-animal's  circulation  to  the  young  before  their  birth.  The 
kids  which  were  permitted  to  suckle  the  immunized  mother,  thus 
getting  the  colostrum  milk,  showed  considerable  amount  of  the 
specific  immune  body  in  their  blood  serum  on  the  first  day  following 
birth.  Rarely  did  this  content  rise  on  the  second  day.  Following 
this,  the  antibody  content  of  the  kids'  blood  gradually  fell,  similar  to 
the  ordinary  passive  immunity  curve  of  the  animal  thus  immunized. 
If  we  are  permitted  to  draw  conclusions  from  this  series  of  ex- 
periments, it  becomes  evident  that  the  complex  cytolytic  antibody 
formed  in  response  to  blood-cell  injections  readily  passes  over  (in  an 
unchanged  condition)  to  the  blood  of  newly  born  suckling  from  the 
ingested  colostrum  of  the  previously  immunized  mother.  But  little, 
if  any,  passes  over  from  the  immunized  mother's  body  fluids  to  the 
offspring  before  their  birth.  These  experiments  would  indicate  that 
the  antibodies  resulting  from  immunization  of  females  before  birth 
of  the  young  tend  to  accumulate  in  the  mammary  glands  and  are 
excreted  with  the  colostrum  milk.  The  question  arises,  Do  the  natu- 
ral antibodies  likewise  accumulate  in  the  milk  glands  of  normal 
mothers?  If  so,  does  the  colostrum  play  a  more  or  less  important 
part  by  transmitting  natural  protective  substances  from  the  mother 
to  the  child?  Is  the  transient  resistance  which  infants  commonly 
show  against  certain  infections  during  the  first  weeks  of  .life  in  part 
acquired  in  this  way?  Certain  experimental  evidence  along  these 
lines  would  lend  support  to  such  a  supposition.  This  may  partially 
account  for  some  of  the  advantages  which  the  breast-fed  child  enjoys 
over  the  bottle-fed  infant  in  the  struggle  against  disease. 

1  Cited  by  Neumann,  Deutsche  nied.  Wchnschr.,  1895,  21  (part  2),  p.  841. 


ANAPHYLACTIC  REACTION  IN  PELLAGRA  PATIENTS,   BY  THE 
INOCULATION  OF  WATERY  EXTRACT  OF  SPOILED  MAIZE. 

By  Mr.  Guido  Volpino,  charged  with  the  course  of  bacteriology  (with  the  col- 
laboration of  Drs.  A.  Mariani,  E.  F.  Bordoni,  and  L.  Alpago  Novello). 

1.  The  pellagra  patients,  when  subjected  to  an  inoculation  of  a  cer- 
tain quantity  of  watery  extract  of  spoiled  maize,  either  undercutaneous 
or  into  the  muscular  masses,  which  are  insufficient  to  produce  appreci- 
able phenomena  in  the  great  majority  of  nonafflicted  with  pellagra, 
present  after  a  few  hours,  very  rare  exceptions  excluded,  a,  some- 
times most  accentuated,  reaction  of  hypersensibility.  Such  a  reac- 
tion manifest  itself  by  dullness,  drowsiness,  and  a  state  of  semicoma, 
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or  by  a  strong  physical  and  nervous  excitability.  Such  phenomena 
are  accompanied  in  either  case  by  a  remarkable  acceleration  of  the 
pulse,  dyspnoea,  rising  of  temperature  so  far  as  40°  C,  and  often 
also  vomit  and  increase  in  peristaltic  movements,  with  excretion  of 
diarrhoic  dregs,  mixed  with  blood  and,  sometimes,  acutization  of 
cutaneous  preexisting  eruptions. 

2.  The  difference  in  the  reaction,  due  to  such  inoculation,  upon  the 
pellagra  patients  and  upon  the  sound  ones,  is  so  remarkable  that  there 
is  not  appreciable  reaction  in  the  latter,  in  most  cases,  even  if  treated 
with  doses  eight  or  ten  times  stronger  than  those  which  are  sufficient 
to  provoke  an  evident  reaction  with  the  former. 

3.  The  hypersensibility,  which  manifests  itself  in  pellagra  pa- 
tients, owing  to  the  inoculation  of  this  watery  extract  of  spoiled 
maize,  has  particular  characters,  which  can  not  be  found  in  any  pro- 
portion through  the  injection  of  extract  of  sound  maize. 

4.  The  active  substance,  which  determines  such  a  reaction  of  the 
watery  extract  of  spoiled  maize,  is  obtained  by  adding  a  given  volume 
of  the  grain  (deteriorated  by  mycotic  action  and  not  rotten),  after 
having  been  finely  triturated,  to  three  or  four  volumes  of  physio- 
logical solution  of  chloride  of  sodium ;  by  keeping  the  whole  in  infu- 
sion for  six  hours  in  a  bagno-marie  at  55°  C. ;  by  philtering  the  liquid 
and  by  treating  it,  at  last,  with  twenty  times  its  volume  of  absolute 
alcohol.  In  such  a  way  a  precipitation  of  the  active  substance  is 
obtained,  in  white  flakes. 

5.  The  thus  obtained  active  substance,  to  which  we  have  given 
the  name  of  "  pellagrogenina,"  is  soluble  in  water  and  not  in  alcohol ; 
it  does  not  lose  its  activity  at  a  temperature  of  110°-115°  C. ;  it  has 
only  a  slight  degree  of  poisoning,  both  for  the  trial  animals  and  for 
a  sound  man ;  it  is,  on  the  contrary,  decidedly  poisoning  for  a  pellagra 
patient. 

6.  The  characters  of  reaction  of  hypersensibility  in  the  pellagra 
patient,  which  evidently  result  when  the  watery  raw  extract  of 
spoiled  maize  is  injected  into  his  body,  are  more  notable,  and  par- 
ticularly when  the  pure  pellagrogenina,  dissolved  in  fit  quantities  of 
water,  is  employed.  This  pure  material,  when  injected  into  non- 
pellagra  patients,  has  given  no  appreciable  reaction,  in  the  most  ex- 
perimented cases  (90%). 

7.  The  results  obtained  in  more  than  100  experiments,  which  were 
made  with  this  substance,  cause  us  to  consider  it  of  a  particular 
efficiency  in  the  pathogenesis  of  pellagra,  and,  in  the  meanwhile, 
induce  us  to  propose  same  as  a  practical  means  of  anaphylactic  reac- 
tion for  the  diagnosis  of  pellagra. 

In  order  to  obtain,  to  such  a  purpose,  the  particular  reaction  in  an 
appreciable  degree,  and  not  dangerous,  for  the  persons  suspected  to  be 
afflicted  with  pellagra,  the  first  injection  is  to  be  limited  to  1  ccm.  of 
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watery  solution,  sterilized  at  100°  C,  of  pure  pellagrogenina,  at  11 
per  cent. 

If  no  positive  result  is  obtained  by  a  first  injection,  this  may  be 
experimented  with  a  double  dose. 

DISCUSSION. 

Prof.  Gay,  California :  Prof.  Pagliani  states  in  reply  to  a  question 
that  the  reaction  differs  from  the  tuberculin  reaction  in  that  it  fails 
to  give  a  purely  local  (V.  Pirquet)  skin  reaction  in  the  pellagrin. 

A.  D.  Hirschfelder  :  I  have  been  much  interested  in  the  observa- 
tions of  Prof.  Volpino,  for  two  years  ago,  in  the  Peoria  Insane 
Asylum,  I  attacked  the  same  problem  by  a  slightly  different  method, 
as  it  was  impossible,  for  various  reasons,  to  try  subcutaneous  in- 
jections, as  I  had  hoped  to  do.  I  tried  the  cutaneous  reaction  with 
extracts  of  good  corn  and  spoiled  corn  by  the  same  technique  as 
the  v.  Pirquet  skin  puncture  of  skin.  The  punctures  were  made  in 
the  skin  of  the  pellagrous  area  and  the  corn  extract  rubbed  into  the 
abraded  area.  Extracts  of  corn  made  with  10  per  cent  NaCe  and 
0.2NaOH,  alcohol,  and  ether  were  made.  In  all  13  cases  of  out- 
spoken pellagra  and  in  7  cases  of  individuals  who  had  recovered 
from  pellagra  the  year  before  the  results  were  negative.  These 
observations  were  published  in  the  Archives  of  Internal  Medicine, 
November,  1900. 

M.  Moyell:  Prof.  Pagliani  said  in  conversation  that  the  diagnostic 
reaction  resembles  closely  the  general  reaction  to  tuberculin  injection 
as  used  for  diagnostic  purposes.  This  extract  is  injected  in  mini- 
mum dose  and  is  followed  soon  after  by  temperature  rises,  et  cetera,  a 
general  reaction  which  he  considers  specific  as  a  diagnostic  test. 

Prof.  Pagliani  points  out  that  the  injection  of  this  extract  causes 
an  augmentation  of  symptoms.  This  augmentation,  however,  passes 
in  a  couple  of  days,  and  so,  when  the  minimum  dose  is  used,  no 
serious  consequences  are  involved.  This  diagnotic  test  is  brilliantly 
successful  for  the  purpose  of  resolving  suspicious  diagnosis  in 
suspects. 
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ZUR  FRAGE  DER  PARATYPHUS-ERKRANKUNGEN. 
Von  Dr.  S.  von  Unterberger,  St.  Petersburg. 

Die  Schilderung  des  Krankheitsbildes  des  Typhus  grtinden  wir 
dem  heutigen  Stande  der  Wissenschaft  entsprechend  auf  das  iitio- 
logische  Prinzip.  Yor  etwa  50  Jahren  wurde  der  Sammelbegriff 
Typhus  in  drei  verschiedene  Krankheiten  geteilt:  den  Abdominal-, 
den  Fleck-  und  Ruckfallstyphus.  Im  Jahre  1896  batten  Achard 
und  Bensaude  den  Paratyphusbazillus  entdeckt  und  das  Krank- 
heitsbild  des  Abdominaltyphus  hatte  als  Erreger,  ausser  dem  Eberth- 
Gaffkyschen  Bazillus,  noch  andere  erhalten,  den  Paratyphus  A  und 
B.     Die  grosse  Bedeutung  kommt  dem  zweiten  Erreger  zu. 

Dass  ein  Typhus  durch  verschiedene  Erreger  erzeugt  werden  kann, 
darf  uns  nicht  besonders  wundern;  wird  doch  das  Bild  des  Diabetes, 
Gelenkrheumatismus,  Arteriosklerose  etc.  durch  verschiedene  auslo- 
sende  Momente  erzeugt. 

Die  Gruppe  Paratyphus  lasst  sich  in  zwei  Unterabteilungen  tren- 
nen  und  zwar  in  die  Paratyphus  B  Gruppe  und  in  die  Gruppe  Bac. 
enteritidis  Gartner.  Zur  ersten  gehoren  der  Schweinepestbazillus, 
Erreger  der  Kalberruhr,  der  Mausetyphusbazillns  (Loffler),  Erreger 
der  Pseudotuberkulose  bei  Meerschweinchen,  Erreger  der  infektiosen 
Enteritis  des  Papageien  u.  s.  w.  Zur  zweiten  Gruppe  gehoren :  Bazillen 
vom  Typus  Gartner,  gefunden  bei  Fleischvergiftungen  und  hiernach 
beim  Menschen,  Erreger  von  infektioser  Rattenenteritis  etc.  Die 
beiden  Gruppen  lassen  sich  durch  spez.  Immunitatsreaktionen  tren- 
nen  (Agglutination,  Bakteriolyse,  aktive  Immunisierung,  Komple- 
mentbildung) . 

Der  Gartner'sche  Bazillus  erweist  sich  vor  allem  als  Erreger  der 
sog.  Fleischvergiftung,  aber  auch  bei  gastrischen  Erscheinungen 
bis  zum  Bilde  der  Cholera  ist  er  gefunden.  Makroskopisch  lassen 
sich  keine  auffallig  wahrnehmbaren  Yeranderungen  im  Fleisch 
erkennen.  Eine  viel  seltenere  Form  der  Fleischvergiftung  der 
Botulismus  wird  durch  den  B.  botulinus  erzeugt  und  ist  auch  klinisch 
vollig  verschieden. 

Ausser  Fleischvergiftungen  erzeugen  diese  Bazillen  auch  Fischver- 
giftungen  und  Yergiftungen  durch  Mehlspeisen,  Milchprodukte 
u.  s.  w.  Mehl  kann  leicht  durch  kranke  Mause  infiziert,  Massener- 
krankungen  hervorrufen.  Brod  kann  somit  nicht  selten  ein  Erreger 
der  Epidemie  werden. 

Die  Eesistenz  der  Paratyphusbazillen  gegen  aussere  Schadigungen 
ist  im  allgemeinen  grosser,  als  diejenige  der  Eberth'schen  Bazillen. 
Besonders  erliegt  er  der  Austrocknung  nicht  so  schnell  als  dieser. 
Im  Wasser  bleibt  er  namentlich  im  Schlamm,  unter  Umstanden 
langere  Zeit  entwicklungsfahig.  Durch  Temperatur  von  etwa  70° 
wurde  er  erst  nach  ungefahr  10  Minuten  getotet,  was  sehr  wichtig 
ist,   denn   hohere   Temp,  wie   70°    C.    werden   namlich    im   Innern 
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grosserer  Fleischstficke  beim  Kochen  und  Braten  meist  nicht  erreicht. 
Gegen  Desinfektionsmittel  ist  er  im  allgemeinen  etwas  resistenter  als 
der  Typhusbazillus. 

Der  Para  typhusbazillus  ist  im  Gegensatz  zu  dem  Typhusbazillus 
fiir  verschiedene  Tierarten  ausserordentlich  pathogen,  namentlich 
fur  Meerschweinchen  und  Mause. 

Die  Paratyphus-Baz.-Infektion  der  Menschen  verlauft  meist  unter 
dem  Bilcle  eines  Abdominal  typhus  und  vielfach  ist  es  unmoglich 
allein  auf  Grund  der  klinischen  Erscheinungen  beide  Krankheits- 
formen  von  einander  abzugrenzen.  Fiir  Paratyphus  sprechen: 
plozliches  Erbrechen,  Schiittelfrost,  Herpes,  harter  Milztumor, 
Durchfall  mit  fakulentem  Geruch,  flohstichartige  Roseola  und 
leichter  Verlauf.  Bei  der  Sektion  findet  man  die  Darmschleimhaut 
stark  geschwellt,  haufig  hamorrhagische  F  ollikelsch  well  im  gen  und 
Exulzerationen  im  ganzen  Darm,  Peyersche  Driisen  werden  nur 
leicht  geschwellt  gefunden.  Auch  beim  Paratyphus  finden  sich  die 
Erreger  in  der  ersten  Krankheitswoche  in  nahezu  100  Prozent  der 
Falle  im  Blute  (Gallenanreichung)  wie  beim  Abdominaltyphus. 

Die  Verbreitungsweise  des  Paratyphus  deckt  sich  mit  der  des  Ab- 
dominaltyphus. Im  Vordergrunde  stent  die  Kontakinfektion,  ebenso 
sind  Trinkwasserepidemien  beobachtet.  In  den  letzten  Jahren  tre- 
ten  besonders  paratyphose  Nahrungs:namentlich  Fleischvergiftun- 
gen  in  den  Vordergrund,  was  auf  einen  Zusammenhang  der  P.-T.- 
Infektion  des  Menschen  mit  gewissen  Erkrankungen  des  Schlacht- 
viehes  hinweist.  Viele  Bazillen  der  P.-Gartner-Gruppe  gelangen 
auf  dem  Blutwege  in  die  Organe  und  in  das  Fleisch  der  erkrankten 
Tiere,  wo  sie  sich  nach  der  Schlachtung  vermehren  und  Gif  tstoff  aus- 
scheiden.  Makroskopisch  lassen  sich  keine  auffallig  wahrnehm- 
baren  Veranderungen  erkennen.  Einwandfreies  Fleisch  kann  nach- 
traglich  infiziert  werden  von  kranken  Schlachttieren,  wenn  es  zusam- 
men  mit  kranken  aufbewahrt  wird  und  mit  infiziertem  Wasser  und 
Handen  in  Beriihrung  kommt,  weiter  durch  Mause  und  Ratten; 
Fliegen  spielen  wohl  kaum  eine  Rolle  bei  der  Entstehung  von  Epi- 
demien. 

Auf  Grund  ailes  Angefiihrten  kommen  wir  zu  f olgenden  Schliissen : 

Der  Typhus  abdominalis  (Eberth-Gaffky)  und  der  Paratyphus 
(Schottmiiller)  sind  in  klinischer,  pathologisch-anatomischer  und 
bakteriologischer  Hinsicht  wohl  zu  trennen  und  weisen  viele  Unter- 
schiede  auf.  Im  Grossen  und  Ganzen  ist  aber  das  klinische  Bild 
beider  typhbsen  Krankheiten  dasselbe.  In  pathologisch-anato- 
mischer Beziehung  sind  bei  Paratyphus  B.  ausser  hamorrhagischen 
Erscheinungen  vor  allem  ein  Ergriffensein  des  ganzen  Follikelap- 
parates  des  Darmes  und  geringe  Infiltration  die  Peyerschen  Driisen 
zu  verzcichnen.  In  bakteriologischer  Hinsicht  ist  der  Erreger  des 
P.  Bazillus  biologisch  ein  ganz  anderer,  gehort  aber  auch  zur  grossen 
Gruppe  der  Kolibazillen. 
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Das  alte  pathologisch-anatomische  Bild  des  Unterleibstyphus  weist 
ja  verschiedene  Typen  auf :  entweder  nur  exulzerierende  Peyersche 
Driisen  odor  neben  leichter  Infiltration  derselben  weit  verbreitete 
Follikelinfiltration  oder  Exulzerationen  oder  beide  Formen  zusani- 
men  von  leichtem  und  schwerem  Grade.  Das  klinische  Bild  ist 
dabei  bald  sehr  schwer,  bald  mittelschwer,  bald  sieht  man  die  Krank- 
heit  auf  den  Fiissen  durchmachen?  Wie  lassen  sich  diese  Bilder 
erklaren?  Wir  miissen  annehmen,  dass  in  der  Mehrzahl  aller  Ab- 
dominaltyphus-Epidemien  aucli  in  friiheren  Jahren  stets  mitverlief 
eine  Paratyphus-Erkrankung.  Die  Bazillen  der  Paratyphusgruppe 
sind  also  mit  dem  Bazillus  des  Abdominaltyphus  stets  in  Symbiose. 
Einzelne  Epidemien  von  Paratyphus  konnen  wohl  durch  einen  oder 
wenige  Erreger  allein  vorkommen,  aber  selten  und  wenn  das  der 
Fall  ist,  so  sind  es  die  Bazillen  der  Gartner  Gruppe. 

Epidemiologisch  spielt  die  Kontakt-Infektion  wohl  die  Hauptrolle 
und  wenn  Trink-  und  Gebrauchswasser  infiziert  wird,  so  haben  wir 
meist  eine  lokalisierte  Wasserepidemie.  Der  kranke  Mensch  und 
spater  der  Bazillentrager  (bei  Paratyphus  sind  auch  jahrelange 
Daueraussch eider  beobachtet)  ist  der  Gegenstand  unserer  ernsten 
Sorge  bei  der  Prophylaxe.  Brod  und  Fleisch  konnen  Trager  der 
Infektion  sein,  daher  miissen  die  Mehlspeisen  von  Mausen  gesiiubert 
werden  und  das  Fleisch  stets  einer  strengen  Veterinar-Kontrolle 
unterliegen.  Ausserdem  in  jeder  Handelsstelle  die  Nahrungsmittel 
sauber  gehalten  werden.  Fliegen  a  Is  Verbreiter  der  Infektion 
werden  wohl  wenig  in's  Gewicht  fallen,  am  meisten  noch  infiziertes 
Wasser  und  Nahrungsmittel. 

Bei  zwei  von  mir  beobachteten  Epidemien  fielen  auf  den  Abdomi- 
naltyphus ungefiihr  30  Prozent  auf  den  Paratyphus  B.  20  Prozent 
und  50  Prozent  waren  wahrscheinlich  infiziert  mit  weniger  viru- 
lenten  oder  abortiven  Formen  von  Bazillen  aller  drei  Gruppen. 
Gewiss  haben,  wenn  nicht  alle  so  doch  die  meisten  Mannschaften 
dieses  Truppenteils  alle  Bazillen  geschluckt,  sind  aber  nicht  infiziert, 
der  Organismus  hat  sie  sofort  ausgeschieden. 

Wie  hatte  man  in  friiheren  Jahren  diese  Epidemie  genannt  ?  Ge- 
wiss, Abdominaltyphus-Epidemie  und  dabei  unterschieden  schwere, 
leichte  und  ambulatorische  Fiille.  Nach  unseren  neuesten  Kenntnis- 
sen  liber  Paratyphus-Erkrankungen  miissen  wir  solche  Typhus-Epi- 
demie  fiir  eine  Kombination  von  Eberth,  Schottmiiller  und  Glirt- 
nerschen  Bazillen  erklaren,  Bazillen  die  wohl  stets  in  Symboise  leben. 

Die  Hauptaufgabe  bei  der  erfolgreichen  Bekiimpfung  solcher  Epi- 
demien muss  somit  in  erster  Linie  bestehen  in  der  Erziehung  zur 
individuellen  Eeinlichkeit  in  des  Wortes  weitestem  Sinne. 


Report  of  a  Joint  Session  of  Sections  I  and  VIII  will  he  found  in 
Volume  /,  Part  II. 
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REPORT  OF  THE  SECRETARY. 

Dr.  Russell  H.  Chittenden,  President  Section  II, 

Fifteenth  International  Congress  on  Hygiene  and  Demography. 
Sir  :  In  accordance  with  the  provision  of  Article  XII  of  the  regu- 
lations of  the  congress  I  herewith  submit  a  report  of  the  section  pro- 
ceedings of  the  meeting  held  at  Washington,  September  22  to  28, 
1912,  together  with  such  manuscripts  of  the  papers  read  as  have 
been  delivered  into  my  hands. 

Monday,  September  23 — 4.15  p.  m. 

The  first  session  was  called  to  order  by  the  president,  Dr.  Chitten- 
den, who  announced  the  following: 
Honorary  presidents  of  Section  II :  Prof.  Max  Rubner  (Germany), 

Prof.  Artur  Schattenfroh    (Austria),  Prof.   Axel  Holst    (Nor- 
way), Prof.  Archibald  B.  Macallum  (Canada). 

Reports  were  then  presented  for  the  symposium  on  the 

Physiological  Significance  of  some  Substances  used  in  the  Preser- 
vation of  Food,  by  Dr.  John  H.  Long,  professor  of  chemistry, 
Northwestern  University  Medical  School,  Chicago,  111.,  and  Dr. 
Artur  Schattenfroh,  professor  of  hygiene  in  the  University  of 
Vienna  Austria. 
The  following  members  of  the  congress  joined  in  the  discussion : 

Dr.  K.  Langenbeck   (Boston),  Dr.  J.  H.  Long   (Chicago),  Dr.  A. 

Schattenfroh  ( Vienna ) . 

Tuesday,  September  24 — 9.30  a.  m. 

President   Chittenden   and   Honorary   President   Hoist   presided 
during  the  morning  session. 

Papers  were  presented  in  the  symposium  on  the  Specific  Dynamic 
Action  of  Foodstuffs  as  follows: 

The  Specific  Dynamic  Action  of  Foodstuffs,  Dr.  Max  Rubner, 
professor  of  physiology  and  director  of  the  Physiological  Institute, 
Berlin,  Germany. 

The  Work  of  Digestion  and  Specific  Dynamic  Action,  Dr.  N. 
Zuntz,  director  of  the  laboratory  for  animal  physiology  in  the 
Landwirtschaftliche  Hochschule,  Berlin,  Germany.  (Read  by  Dr. 
F.  G.  Benedict.) 
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The  Influence  of  the  Ingestion  of  Food  upon  Metabolism,  Dr. 
Francis  G.  Benedict,  director  of  the  nutrition  laboratory  of  the 
Carnegie  Institution  of  Washington,  Boston,  Mass. 

The  Influence  of  Foodstuffs  and  their  Cleavage  Products  upon 
Heat  Production,  Dr.  Graham  Lusk,  professor  of  physiology,  Cor- 
nell University  Medical  College,  New  York  City. 
The  following  members  of  the  congress  joined  in  the  discussion: 
Dr.  K.  Langenbeck  (Boston),  Dr.  W.  M.  Coleman  (Washington), 
Dr.  G.  Lusk  (New  York),  Dr.  Diesing  (Hamburg),  Dr.  M.  Rubner 
(Berlin). 

Tuesday,  September  24 — 2  p.  m. 

President  Chittenden  presided  at  the  afternoon  session. 
Papers  were  presented  in  the  symposium  on  Nutrition  and  Growth 
as  follows: 

An  Anatomical  Analysis  of  Growth,  Dr.  Henry  H.  Donaldson, 
the  Wistar  Institute  of  Anatomy,  Philadelphia,  Pa. 
•  Nutrition  of  the  Embryo,  Dr.  John  R.  Murlin,  assistant  professor 
of  physiology,  Cornell  University  Medical  College,  New  York  City. 

The  Nutrition  and  Growth  of  Bone.  Dr.  Francis  H.  McCrudden, 
chemist  at  the  hospital  of  the  Rockefeller  Institute  for  Medical 
Research,  New  York  City. 

The  Role  of  Proteins  in  Growth.  Dr.  Lafayette  B.  Mendel,  pro- 
fessor of  physiological  chemistry,  Sheffield  Scientific  School  of 
Yale  University,  New  Haven,  Conn. 

Direct  Calorimetry  of  Infants,  with  a  Comparison  of  the  Results 
Obtained  by  this  and  other  Methods.  Dr.  John  Howland,  pro- 
fessor of  pediatrics,  Johns  Hopkins  University,  Baltimore,  Md. 

The  Influence  of  the  Quantity  and  Quality  of  Food  upon  the 
Growing  Organism.  Dr.  Hans  Aron,  director  of  the  scientific 
laboratory  of  the  University  Children's  Clinic,  Breslau,  Germany. 
(Read  by  Dr.  Lafayette  B.  Mendel.) 

Wednesday,  September  25 — 9.30  a.  m. 

President  Chittenden  and  Prof,  von  Noorden  presfded  during  the 

morning  session. 

Papers  were  presented  in  the  symposium  on  the  Role  of  Organic 

Substances  in  the  Nutrition  of  Man  as  follows : 

The  Antagonistic  Action  of  Salts,  Dr.  Jacques  Loeb,  Head  of  the 
Department  of  Experimental  Biology,  Rockefeller  Institute  for 
Medical  Research,  New  York  City. 

The  Distribution  of  Soluble  Salts  in  Living  Cells  and  the  Forces 
Controlling  it,  Dr.  Archibald  B.  Macallum,  Professor  of  Biochem- 
istry, University  of  Toronto,  Canada. 
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The  Role  of  Common  Salt  and  Water  in  the  Nutrition  of  Man, 
Dr.  Hermann  Strauss,  Professor  of  Clinical  Medicine,  University 
of  Berlin,  Germany. 
Additional  papers  were  presented  as  follows : 

On  the  Nature  and  Importance  of  the  Diet  as  the  most  important 
factor  of  causal  therapy  in  severe  diseases  of  the  stomach  and  intes- 
tines, in  nervous  and  mental  diseases,  and  in  disorders  of  the  circu- 
lation and  of  metabolism,  Dr.  W.  Plonies,  Hanover,  Germany. 

Public  Baths,  Dr.  Simon  Baruch,  president,  American  Associa- 
tion for  Promoting  Hygiene  and  Public  Baths,  New  York  City. 

The  Significance  of  Hydrotherapy  for  Hygiene,  Therapeutics  and 
Medical  Instruction,  Dr.  L.  Brieger,  Hydrotherapeutische  Univer- 
sities-Anstalt,  Berlin,  Germany. 

The  following  members  of  the  congress  joined  in  the  discussion: 
Dr.  W.  Plonies  (Hanover),  Dr.  J.  H.  Kellogg  (Battle  Creek),  Dr. 
S.  Baruch  (New  York). 

Thursday,  September  26 — 9.30  a.  m. 

Honorary  President  Macallum,  Prof.  Long,  and  Prof,  von  Noor- 
den  presided  during  the  morning  session. 

Papers  were  presented  in  the  symposium  on  Practical  Dietetics  as 
follows : 

Cost  and  Nutritive  Value  of  Foods,  Dr.  C.  F.  Langworthy,  Ex- 
pert in  charge  of  Nutrition  Investigations,  United  States  Depart- 
ment of  Agriculture,  Washington,  D.  C. 

The  Choice  of  Foodstuffs  in  Eelation  to  Disease,  Dr.  Carl  von 
Noorden,  Professor  of  Internal  Medicine  and  Director  of  the  I. 
Medical  Clinic,  Vienna,  Austria. 

Diet  in  Eelation  to  Disease,  chiefly  in  relation  to  some  forms  of 
partial  underfeeding  (beriberi  and  scurvy),  Dr.  Axel  Hoist,  Pro- 
fessor of  Hygiene,  University  of  Christiania,  Norway. 

The  Influence  of  the  Preparation  of  Food  on  its  Nutritive  Value, 
Dr.  Max  Eubner,  professor  of  physiology  and  director  of  the 
Physiological  Institute,  Berlin,  Germany. 

Diet  and  Metabolism  in  Fever,  Dr.  Warren  Coleman,  Cornell 
University  Medical  College,  New  York  City. 

The  following  members  of  the  congress  joined  in  the  discussion: 
Dr.  W.  Plonies  (Hanover),  Dr.  C.  von  Noorden  (Vienna),  Dr.  J.  H. 
Long  (Chicago),  Dr.  C.  F.  Langwortlry  (Washington),  Dr.  G.  Lusk 
(New  York),  Dr.  A.  Hoist  (Christiania). 
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At  the  close  of  the  discussion  an  additional  paper  was  presented 
as  follows: 

Tuberculosis  and  Metabolism,  Dr.  Diesing,  chief  physician,  Recre- 
ation and  Convalescent  Home,  Gross-Hansdorf,  Hamburg,  Ger- 
many. 

Thursday,  September  26 — 2  p.  m. 

Honorary    President   Macallum    presided    during   the    afternoon 
session. 

Papers  were  presented  in  the  symposium  on  Ventilation  in  its 
Hygienic  Aspects  as  follows : 

Consideration  of  the  Unknown  Factors  in  the  111  Effects  of  Bad 

Ventilation,  Dr.  Yandell  Henderson,  professor  of  physiology,  Yale 

Medical  School,  New  Haven,  Conn.     (Read  by  Dr.  Lafayette  B. 

Mendel.) 

The  following  members  of  the  congress  joined  in  the  discussion: 
Dr.  V.  C.  Vaughan  (Ann  Arbor),  Dr.  T.  Hough  (Charlottesville). 

At  the  close  of  the  discussion  an  additional  paper  was  presented 
as  follows: 

The  Importance  of  the  Nutritive  Salts  for  Healthy  and  Sick 

People,  Dr.  R.  Peters,  Hanover,  Germany. 

Friday,  September  27 — 9.30  a.  m. 

Honorary  President  Hoist  presided  during  the  session. 
Papers  were  presented  in  the  symposium  on  the  Hygienic  Physi- 
ology of  Exercise  as  follows : 

The  Influence  of  Exercise  on  the  Nervous  System,  Dr.  Leon 
Asher,  a.  o.  professor  of  physiology,  Bern,  Switzerland.  (Read  by 
Dr.  Lafayette  B.  Mendel.) 

The  Influence  of  Exercise  on  the  Heart,  Dr.  R.  Tait  McKenzie, 
director  of  physical  education,  University  of  Pennsylvania,  Phila- 
delphia, Pa. 

Certain  Aspects  of  the  Influence  of  Muscular  Exercise  upon  the 
Respiratory  System,  Dr.  Theodore  Hough,  professor  of  physiology, 
University  of  Virginia,  Charlottesville,  Va. 

Physical  Training  in  the  United  States  Naval  Service,  Dr.  J.  A. 
Murphy,  surgeon,  United  States  Navy,  United  States  Naval  Acad- 
emy, Annapolis,  Md.     (Read  by  Dr.  Smith.) 

At  the  close  of  the  discussion  an  additional  paper  was  presented  as 
follows : 

The  Prevention  of  Arteriosclerosis  and  Heart  Disease  in  Other- 
wise Healthy  Individuals  Past  Middle  Life,  Dr.  Louis  F.  Bishop, 
New  York  City. 
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The  Physiological  Hygiene  of  Work  in  Compressed  Air,  J.  J.  R. 
Macleod,  Physiological  Department,  Western  Reserve  University, 
Cleveland,  Ohio. 

With  a  few  well-chosen  remarks,  Honorary  President  Hoist  then 
declared  the  sessions  of  Section  II  of  the  Fifteenth  International 
Congress  on  Hygiene  and  Demography  closed. 
Respectfully  submitted. 

Lafayette  B.  Mendel, 
Professor  of  Physiological  Chemistry, 
Sheffield  Scientific  School  of  Yale  University, 

New  Haven,  Conn.,  Secretary  of  Section  II. 


MONDAY,  SEPTEMBER  23,  1912. 

THE  PHYSIOLOGICAL  SIGNIFICANCE  OF  SOME  SUBSTANCES  USED 
IN  THE  PRESERVATION  OF  FOOD. 

By  Dr.  John  H.  Long,  Professor  of  Chemistry,  Northwestern  University  Medical 

School,  Chicago,  111. 

Food  preservatives  are  those  substances  which  delay  or  prevent  the 
decomposition  of  food  as  a  result  of  the  action  of  bacteria  or  other 
ferment-producing  organisms.  Other  substances,  sometimes  classed 
as  preservatives,  and  in  the  popular  mind  associated  with  them,  are 
not  so  much  preservatives  as  agents  for  the  conservation  of  some 
special  property  of  the  food  in  question,  as,  for  example,  the  use  of 
copper  sulphate  in  the  fixation  of  the  color  of  green  vegetables.  A 
large  number  of  bodies  may  be  included  under  the  head  of  preserva- 
tives, but  our  interest  to-day  centers  in  the  so-called  artificial  or 
chemical  preservatives,  because  of  the  question  of  the  permissibility 
of  using  them.  Some  of  these  bodies  have  been  condemned  largely 
because  of  their  origin,  because  of  their  artificial  character,  which 
basis  of  condemnation  can  not  be  regarded  as  sufficient  or  scientific. 

Their  merits  or  faults  must  be  decided  on  the  basis  of  physiological 
behavior,  essentially,  and  from  this  point  of  view  I  wish  to  speak  of 
several  substances  concerning  which  the  discussions  have  been  the 
most  heated.    These  discussions  will  be  necessarily  brief.    First: 

SODIUM  BEN ZO ATE. 

On  certain  phases  of  the  behavior  of  sodium  benzoate  there  is  an 
abundant  literature.  Following  the  pioneer  investigations  of  Meiss- 
ner  and  Shepard,  and  Bunge  and  Schmiedeberg,  on  the  synthesis 
cind  estimation  of  hippuric  acid,  it  was  recognized  that  benzoic  acid, 
cinnamic  acid,  quinic  acid,  and  other  bodies  are  normally  combined 
in  the  animal  organism  with  glycine  and  excreted  as  hippuric  acid. 
It  was  shown  also  that  many  aromatic  fruits  and  vegetables  contain 
these  organic  acids  which  go  into  the  benzoyl  combination.  Numer- 
ous later  studies  have  shown  the  extent  of  the  glycine,  or  potential 
glycine,  available  in  the  human  body  for  combination. 

With  the  recognition  of  this  normal  character  of  the  hippuric  acid 

synthesis,  no  great  objection  was  raised  to  the  administration   of 

large  doses  of  the  benzoate  in  certain  diseases,  and,  going  back  some 

30  years,  we  find  a  considerable  record  of  clinical  experience  on  the 

860 
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dosage  of  benzoates  in  pulmonary  tuberculosis,  rheumatism,  and 
diphtheria.  It  was  shown  by  many  physicians  that  doses  of  5  to  25 
grams  a  day  might  be  given  without  apparent  harm  to  the  patient. 
This  extended  experience  was  sufficient  to  show  that  the  toxic  effect 
of  the  benzoate  was  of  a  very  low  order,  not  much  greater  possibly 
than  that  of  sodium  chloride. 

At  the  time  when  sodium  benzoate  was  considered  important 
therapeutically,  the  question  of  its  use  as  a  food  preservative  had  not 
arisen,  and  the  interest  attaching  to  it  then,  and  through  the  follow- 
ing discussions,  was  in  no  wise  influenced  by  the  present  practical 
question,  To  what  extent  may  benzoic  acid  be  combined  or  detoxified 
in  the  animal  organism?  The  earlier  observers  soon  recognized  that 
ordinarily  and  normally  it  combines  with  glycine  to  form  hippuric 
acid,  and  the  question  of  the  available  supply  of  this  amino  acid  was 
discussed4  for  a  long  time.  In  1898,  in  experiments  on  rabbits, 
Wiener  J  concluded  that  while  large  doses  of  benzoic  acid,  about  1.7 
grams  per  kilogram  of  body  weight,  were  usually  fatal,  smaller 
amounts,  and  up  to  the  quantity  yielding  1  gram  of  hippuric  acid 
per  kilogram  of  body  weight,  were  combined  and  detoxified.  He  be- 
lieved that  the  value  for  the  combined  benzoic  acid — that  is,  the 
hippuric  acid — was  rather  constant,  the  maximum  being  the  1  gram 
per  kilogram  of  weight.  The  usual  figures  were  between  0.7821  and 
0.8345  gram  per  kilogram.  From  this  he  concluded  that  the  avail- 
able supply,  or  stored-up  glycine,  must  amount  to  0.3276  to  0.3496 
gram  per  kilogram  of  weight.  He  observed  that  free  benzoic  acid 
appeared  in  the  urine  when  amounts  in  excess  of  the  maximum  values 
quoted  were  ingested. 

These  observations  were  made  at  a  time  when  glycine  was  looked 
upon  as  an  important  intermediary  product  of  protein  metabolism 
and  before  much  was  known  concerning  the  quantitative  relations 
of  the  amino  acids  in  the  protein  molecule.  It  was  later  shown 
that  the  mean  glycine  content  of  the  ingested  proteins  is  not  far 
from  4  per  cent  of  their  weight  and  that  the  benzoic  acid  combined 
to  form  hippuric  acid  may  be  far  greater  than  the  weight  corre- 
sponding to  this  glycine  content.  A  stored-up  reserve  of  glycine  was 
for  a  time  assumed  to  account  for  the  remarkable  hippuric-acid 
formation  reported  by  several  observers,  but  this  view  has  been 
pretty  generally  abandoned.  In  this  connection  the  researches  of 
Parker  and  Lusk,2  Wiechowski,3  Colin,4  Magnus-Levy,5  Lewinsky,6 
and  others  should  be  referred  to.  All  of  these  observers  found  that 
in  the  increased  ingestion  of  large  amounts  of  benzoic  acid  in  ani- 
mals there  was  an  increased  protein  metabolism,  with  increasing 
amounts  of  the  benzoic  acid  not  combined  as  hippuric  acid.  In  the 
Lewinski  investigations  rather  large  weights  of  benzoic  acid,  as 
the  sodium  salt,  were  given  to  men.    In  one  case  a  man  of  59  kilo- 
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grams  weight  took  12  grams  of  the  acid  in  12  hours.  All  was 
excreted  in  combined  form  and  no  increase  of  reducing  substances 
in  the  urine  was  noted.  This  amount  of  acid  is  nearly  one-fifth  of 
a  gram  per  kilogram  of  body  weight,  and  is  relatively  less  than  was 
ingested  in  many  of  the  animal  experiments.  If  all  combined  with 
glycine  it  would  call  for  7.38  grams  of  the  latter,  or  the  glycine 
existing  in  about  200  grams  of  mixed  proteins.  This  amount  is  prob- 
ably more  than  was  metabolized  in  the  individual  in  question. 

In  another  case  of  Lewinski's  a  man  weighing  67  kilograms  took 
20  grams  of  the  acid  in  12  hours.  The  urine  examination  showed 
the  same  result  as  in  the  other  case.  Later  the  same  man  took  25 
grams  of  the  acid,  but  it  was  not  all  combined,  as  1.65  grams  were 
recovered  from  the  urine.  When  the  ingestion  was  increased  to 
40  grams  still  more  appeared  in  the  urine  uncombined  with  glycine. 
In  one  case,  on  the  40-gram  dosage,  nausea  and  headache  were  noted, 
but  these  effects  seemed  less  marked  with  a  diet  rich  in  protein. 
The  author  concludes  that  on  a  high  protein  diet  more  benzoic  acid 
may  be  ingested  without  ill  effects.  In  one  case  a  man  took  50  grams 
without  apparent  disturbance,  but  over  8  grams  appeared  in  the 
urine  uncombined. 

All  these  experiments  demonstrate  that  in  man,  as  well  as  in  ani- 
mals, ingested  benzoic  acid  may  be  deoxified  in  amounts  which 
much  more  than  correspond  to  the  glycine  of  protein  that  may  be 
metabolized  normally  in  the  same  individual  in  the  same  time.  The 
20  grams  of  benzoic  acid  given  in  one  experiment,  and  which  left  no 
free  acid  in  the  urine,  would  correspond  to  12.3  grams  of  glycine. 

These  papers  have  been  cited  because  they  show  the  remarkable 
capacity  of  the  animal  organism  for  the  synthesis  of  hippuric  acid 
and  consequent  disposition  of  ingested  benzoic  acid.  It  has  been 
shown  that  the  combining  power  of  glycine  is  not  limited  to  that 
preformed  or  which  may  be  split  off  in  the  ordinary  metabolism, 
but  that  in  addition  the  potential  glycine  of  other  amino  groups 
is  also  available,  or  possibly  glycine  may  be  synthetized. 

It  may  be  urged  that  this  diversion  of  potential  glycine  from 
more  complex  acids  is  in  itself  an  abnormal  action  and  therefore 
objectionable.  This  is  possibly  true  and  would  have  weight  if  we 
were  concerned  with  the  question  of  ingesting  daily  5  grams  or 
more  of  benzoic  acid.  But  the  amounts  to  be  practically  considered 
are  so  far  below  this  that  the  question  of  breaking  down  extra  pro- 
tein does  not  come  to  the  front  at  all. 

What  amounts  of  benzoic  acid  are  actually  in  question  here? 
Practically  below  500  milligrams  daily  if  we  consider  the  ordinary 
solid  or  semisolid  foods,  or  below  a  gram  a  day  if  we  consider  certain 
beverages  sometimes  treated  with  benzoate.  These  are  probably 
extreme  figures,  as  for  the  great  majority  of  food  substances  benzoate 
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is  not  used  or  in  any  sense  required.  What,  then,  is  the  physiological 
behavior  of  these  small  amounts  of  benzoic  acid  which  have  prac- 
tical significance?  Several  lines  of  inquiry  may  be  followed  to  find 
an  answer  to  this  question,  three  of  which  are  comparatively  direct: 

(a)  The  fate  in  the  body. 

(b)  The  action  on  digestive  ferments. 

(c)  The  action  with  reference  to  general  health  and  metabolism. 

(a)  With  reference  to  the  relations  under  (a)  we  have  already  suf- 
ficient information.  Small  amounts  of  benzoic  acid  are  completely 
united  with  glycine,  and  for  500  milligrams  307.5  milligrams  of  the 
latter  are  required,  an  amount  far  within  the  liberation  from  the 
ordinary  protein  metabolism.  In  the  cases  of  infants  or  invalids 
with  lower  metabolism  the  possible  benzoate  ingestion  is  naturally 
far  below  this,  and  there  would  doubtless  be  always,  even  in  such 
extreme  cases,  a  sufficient  glycine  content  for  combination. 

With  no  benzoic  acid  ingested  the  larger  part  of  the  glycine 
would  probably  go  to  form  urea  and  other  products  by  oxidation. 
With  the  benzoic  acid  we  have  the  synthesis  of  hippuric  acid. 
Unfortunately  we  have  no  reliable  means  of  comparing  the  magni- 
tude of  or  the  difficulty  in  the  enzymic  work  in  the  two  cases.  In 
certain  quarters  much  has  been  said  about  the  overburdening  of  the 
kidneys  with  this  work  of  synthesis.  As  a  matter  of  fact,  there 
is  no  warrant  whatever  in  the  assumption  that  the  tax  on  the  organ- 
ism is  any  greater  in  this  case  than  in  the  other,  and  those  who 
make  the  assumption  probably  overlook  the  fact  that  the  hippuric- 
acid  synthesis  in  the  human  body  is  normal  and  constant.  Because 
of  a  lack  of  delicacy  in  the  methods  employed  for  the  determination 
of  hippuric  acid  the  quantity  of  this  substance  excreted  daily  has 
usually  been  greatly  underestimated  or  neglected  entirely. 

(b)  The  behavior  of  benzoic  acid  toward  digestive  ferments  has 
been  the  subject  of  several  investigations.  In  this  direction  the 
action  on  diastases,  pancreatin,  pepsin,  rennin,  and  the  lipases  has 
been  studied.  A  number  of  such  studies  have  been  carried  out  in 
my  own  laboratory,  with  the  general  result  that  while  there  is 
naturally  an  inhibition  of  digestive  activity  with  certain  concentra- 
tions of  benzoic  acid  with  those  concentrations  which  have  practical 
importance  in  the  present  inquiry  the  inhibition  is  very  slight  or 
does  not  appear  at  all. 

In  the  case  of  the  digestion  of  starches  there  is,  indeed,  a  distinct 
acceleration  in  the  rate  of  digestion,  as  is  caused  by  a  number  of 
neutral  salts  and  acids  of  low  concentration.  This  is  true  not  only 
of  digestions  by  means  of  malt  infusions,  but  also  in  the  case  of 
taka-diastase  and  a  number  of  the  pancreatic  diastase  preparations 
in  general  use  in  this  country.  Similar  results  were  reported  some 
years  ago  by  Leffmann.7 
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While  0.1  per  cent  of  sodium  benzoate  added  to  egg- albumen  mix- 
ture, such  as  is  used  in  the  official  pepsin  tests,  distinctly  retards  the 
rate  of  digestion,  this  is  not  the  case  with  one-fifth  of  this  concen- 
tration, which  is  probably  above  the  limit  ever  found  in  the  stomach 
after  the  ingestion  of  benzoated  foods.  This  relation  has  been 
observed  in  a  number  of  mixtures  of  fibrin  as  well  as  egg  albumin 
and  with  a  variety  of  pepsin  preparations.  Analogous  results  have 
been  reported  by  Gerlach8  in  his  lengthy  study  of  the  benzoate 
question. 

Very  weak  concentrations  of  either  benzoate  or  benzoic  acid  have 
no  influence  on  the  rennin  coagulation  of  milk,  but  with  an  increase 
in  the  concentration  there  is  a  gradual  inhibition.  Our  results  in 
this  respect  are  not  essentially  different  from  those  of  Weitzel.* 
In  the  clinical  feeding  of  infants  sodium  benzoate  has  been  fre- 
quently added  to  milk. 

According  to  Amberg  and  Loevenhart10  the  activity  of  lipase,  as 
measured  by  the  splitting  of  ethyl  butyrate,  is  not  diminished  by  the 
presence  of  0.1  per  cent  of  sodium  benzoate.  Dakin,  working  in 
Herter's  laboratory,  has  made  a  careful  redetermination  of  many  of 
the  digestive  constants  in  presence  of  benzoate.11 

(c)  We  now  come  to  the  most  important  part  of  the  subject,  the 
behavior  of  benzoic  acid  with  reference  to  general  health  and  me- 
tabolism. At  the  time  when  this  substance  was  extensively  used  in 
medical  practice — that  is,  from  1875  to  1880 — it  was  recognized  by 
some  physiologists  that  large  doses  were  followed  by  increased 
elimination  of  nitrogen,  which,  it  was  assumed,  must  come  from  the 
breaking  down  of  body  proteins.  E.  Salkowski,12  especially,  from 
experiments  on  dogs,  concluded  that  high  doses  might  occasion  a 
considerable  loss  in  man.  But  in  the  dog  experiments  the  ingested 
benzoate  amounted  in  the  mean  to  about  one-third  of  a  gram  per 
kilogram  of  body  weight,  which  proportion,  if  applied  to  a  man  of 
50  kilograms  weight,  would  call  for  nearly  17  grams  of  benzoate,  or 
25  grams  for  a  man  of  75  kilograms  weight,  Somewhat  similar 
observations  were  made  by  other  physiologists,  but  on  the  other 
hand  the  reports  from  clinical  practice  failed  to  show  any  such 
losses.  To  follow  these  discrepant  observations  further  is  not  neces- 
sary in  this  place,  as  the  question  of  the  increased  nitrogen  excretion 
has  been  pretty  fully  handled  in  the  investigations  of  Magnus- 
Levy,13  Ringer,14  and  Epstein  and  Bookman,14  Abderhalden  and 
Hirsch,15  and  others  already  referred  to. 

But  these  early  reports  have  had  one  very  important  effect  which 
must  be  recalled  here.  They  left  the  impression  that  the  ingestion  of 
sodium  benzoate  is  in  general  followed  by  increased  protein  metabo- 
lism, tissue  metabolism  possibly,  an  undesirable  result,  and  this  state- 
ment is  frequently  repeated  as  applicable  to  all  doses  of  benzoate. 
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A  number  of  lengthy  metabolism  experiments  have  shown  that  for 
ordinary  ingestions  of  benzoate  this  increased  protein  metabolism 
does  not  occur.  In  the  last  few  years  the  results  of  several  such 
investigations  have  been  published.  One  of  these  investigations  was 
conducted  under  the  auspices  of  the  Bureau  of  Chemistry  of  the 
United  States  Department  of  Agriculture,  and  from  it  the  conclu- 
sion was  drawn  that  small  doses  of  benzoic  acid  or  benzoates  exert 
a  harmful  action  on  man,  a  slight  loss  in  weight  being  affirmed  in 
some  cases.  It  is  not  my  purpose  to  criticize  this  work  here  beyond 
saying  that  the  published  data  do  not  seem  to  warrant  the  conclu- 
sions drawn,  which  opinion  is  shared  in  a  lengthy  review  of  the 
work  by  K.  B.  Lehmann,10  recently  published. 

I  wish  to  speak  more  particularly  of  the  results  of  the  extended 
studies  carried  out  by  Chittenden,  Herter,  and  myself  17  as  members 
of  a  commission  appointed  by  the  Secretary  of  Agriculture  to 
investigate  the  question  anew.  In  Herter's  work  four  men  were  ob- 
served through  periods  of  four  months,  while  in  the  investigations 
of  Chittenden  and  myself  six  men  on  a  definite  diet  containing 
sodium  benzoate  were  observed  through  a  like  period. 

These  studies  covered  lengthy  observations  on  the  general  me- 
tabolism of  the  men,  the  qualitative  changes  in  the  urine,  the  effects 
on  the  blood,  effects  on  the  intestinal  flora,  and  daily  clinical  obser- 
vations on  the  weight  and  general  condition  of  the  men.  Under 
the  head  of  metabolism  determinations  were  made  of  the  nitrogen 
balance  and  utilization,  the  distribution  of  nitrogen,  the  distribution 
of  sulphur,  and  the  utilization  of  fat.  From  the  data  of  Chittenden 
and  myself,  which  were  fuller  in  detail  than  those  of  our  colleague, 
certain  facts  are  clearly  shown.  In  Chittenden's  series  of  experi- 
ments the  doses  of  benzoate  were  administered  as  follows: 

Fore  period  (14  days) No  benzoate 

Low  benzoate  period   (62  days) 300  milligrams  daily 

After  period  (10  days) No  benzoate 

Medium  benzoate  period   (7  days) 600  milligrams  daily 

First  high  benzoate  period   (7  days) 1,000  milligrams  daily 

Second  high  benzoate  period   (7  days) 2,000  milligrams  daily 

Third  high  benzoate  period  (7  days) 4,000  milligrams  daily 

After  period  (10  days)   No  benzoate 

Total    (124  days) 71.  8  grams 

This  is  an  average  dosage  of  718  milligrams  daily  for  dosage 
periods.    In  my  series  of  experiments  the  amounts  were  as  follows: 

Fore  period   (25  days) No  benzoate 

Low  benzoate  period  (60  days) 300  milligrams  daily 

Medium  benzoate  period   (14  days) 600  milligrams  daily 

High  benzoate  period   (18  days) 1,000  milligrams  daily 

After  period    (7  days) No  benzoate 

Total    (124   days) 44.4  grams 
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This  is  equivalent  to  an  average  dosage  of  nearly  483  milligrams 
daily  for  the  dosage  periods.  In  either  case  the  dosage  more  than 
covers  the  practical  consumption  and  is  doubtless  better  adapted  to 
throw  light  on  the  subject  than  are  the  excessive  doses  previously 
given.  Large  ingestions  of  benzoate  are  no  more  suited  to  prove 
its  practical  physiological  action  than  would  150  grams  of  sodium 
chloride,  kilograms  of  sugar,  or  half  liters  of  vinegar  daily  be  suit- 
able for  these  substances.  With  such  large  ingestions  even  the  com- 
mon food  substances  or  condiments  might  be  made  to  appear  highly 
injurious. 

Time  will  not  permit  me  to  go  into  details  with  reference  to  all 
these  experiments.  It  is  sufficient  to  say  that  no  effects  whatever 
were  observed  which  pointed  to  a  modification  of  the  nitrogen  or 
fat  utilization,  the  nitrogen  balance  or  distribution,  the  sulphur 
metabolism,  the  body  weight  or  the  hemoglobin  content  and  red  and 
white  counts  in  the  blood.  The  order  of  nitrogen  distribution  re- 
mained always  the  same  in  the  period  averages,  and  it  was  only 
when  doses  of  4  grams  of  benzoate  daily  were  given  that  Chittenden 
noticed  a  slight,  but  to  be  expected,  percentage  decrease  in  the  urea 
excretion. 

Qualitative  changes  in  the  urin^e. — In  all  of  our  work  frequent 
examinations  were  made  for  the  appearance  of  sugar  or  other  re- 
ducing bodies,  traces  of  albumin,  casts,  aromatic  oxyacids,  or  other 
things  which  might  indicate  a  change  in  the  nature  of  the  excreted 
bodies.  There  was  never  any  indication  of  an  alteration  in  this 
direction.  The  occasional  appearance  of  a  trace  of  albumin  or  of  a 
hyaline  cast  was  no  more  frequent  in  the  dosage  periods  than  in  the 
fore  periods,  and  was  without  practical  significance. 

During  the  progress  of  the  work  frequent  determinations  were 
made  of  the  so-called  normal  reduction  of  the  urine  of  the  men  work- 
ing in  my  laboratory,  by  means  of  a  delicate  ammoniacal  copper 
solution.  No  definite  changes  were  noted  which  could  be  connected 
in  any  way  with  the  benzoate.  After  the  conclusion  of  the  124  days 
of  regular  experimentation  two  of  the  men  in  my  group,  who  had 
followed  the  regular  routine,  continued  for  seven  days  longer,  with 
higher  dosage.  They  began  with  5  grams  a  day  and  finished  with 
1 0  grams,  the  average  being  7.5  grams  daily.  With  this  large  dosage 
there  was  no  reduction  which  could  be  noticed  with  Fehling  solution, 
and  nothing  which  was  outside  the  normal  limits  for  the  ammoniacal 
solution,  although  there  appeared  to  be  a  slight  increase  from  the 
former  figures.  Other  changes  were  absent.  A  third  man  who  had 
not  been  a  member  of  the  experimental  squad,  but  who  had  followed 
the  same  diet  routine,  took  doses  beginning  with  5  grams  and  ending 
with  7.5  grains  on  the  seventh  day.  No  abnormal  behavior  of  any 
description  was  noted  in  his  excretion  or  general  condition.    In  this 
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case  it  could  not  be  urged  that  the  man  had  become  accustomed  to 
large  doses  through  gradually  increasing  small  doses. 

Temperature,  pulse,  respiration. — All  tlie.se  factors  were  system- 
atically noted  from  day  to  day  for  each  man.  Absolutely  no  varia- 
tions from  the  normal  were  observed  which  might  in  any  way  be 
attributed  to  or  connected  with  the  dosage  of  benzoate. 

Conclusions. — From  all  these  observations  the  conclusion  was 
drawn  Yhat  in  the  dosage  administered,  which  is  large  enough  for 
practical  purposes,  sodium  benzoate  exercises  no  recognizable  physio- 
logical action  on  the  human  organism,  beyond  the  slight  increase  in 
hippuric  acid  excretion,  a  change  which  is  often  exceeded  after 
hearty  meals  of  certain  berries  and  fruits  which  are  frequently  con- 
sumed in  quantity.  I  have  recited  the  facts  in  some  detail  because 
of  the  long-continued  and  persistent  attempts  to  create  the  impres- 
sion, especially  in  this  country,  that  sodium  benzoate  exerts  a  toxic 
action  sufficiently  marked  to  warrant  its  exclusion  from  use  with 
foods. 

(jrerlacWs  studies. — Attention  must  be  called  here  to  an  elaborate 
investigation  carried  out  by  Dr.  Gerlach,  of  Wiesbaden,  on  the 
effects  of  sodium  benzoate  as  used  in  the  food  industries.  These  ex- 
periments were  continued  through  a  long  period  and  appear  to  have 
been  conducted  with  great  care.  From  the  numerous  clinical  and 
metabolism  observations  made,  Dr.  Gerlach  draws  the  conclusion 
that  sodium  benzoate  causes  no  changes  in  the  body  which  may  be 
considered  as  harmful,  or  which  may  be  taken  as  pointing  to  a  de- 
parture from  the  normal  in  any  direction.18 

COPPER  SALTS. 

It  has  long  been  a  popular  notion  that  copper  salts  are  decidedly 
toxic,  and  the  older  medical  literature  contains  many  references  to 
poisoning  by  verdigris  and  other  combinations  of  copper.  Modern 
study,  however,  has  shown  that  these  assumed  effects  were  greatly 
exaggerated.  The  subject  has  practical  interest  now  because  of  the 
custom,  which  had  its  origin  in  France,  apparently,  of  fixing  the 
color  of  certain  green  vegetables  by  cooking  them,  in  the  canning 
process,  in  contact  with  small  amounts  of  copper  sulphate  or  other 
copper  salt.  The  effect  depends  on  the  formation  of  a  very  stable 
green  compound  of  copper  and  a  derivative  of  chlorophyll. 

The  permissibility  of  the  process  has  been  much  debated,  especially 
in  France,  Germany,  and  Belgium.  In  France  the  discussion  has 
been  a  prolonged  one  and  several  scientific  commissions  have  taken 
part  in  it.  Some  of  the  older  commissions  made  reports,  finding 
against  the  use  of  copper  in  this  way,  but  in  the  more  recent  studies 
the  results  seemed  to  point  to  the  practical  harmlessness  of  the  metal 
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in  green  peas  and  beans.  In  consequence  of  these  French  investiga- 
tions, and  later  ones  in  Germany,  the  use  of  copper  in  limited  amounts 
is  now  tolerated  by  the  food  laws  of  most  European  countries. 

There  seems  to  be  no  question  regarding  the  physiological  action 
of  relatively  large  amounts  of  copper  salts.  They  behave  as  irritant 
poisons,  and  produce  nausea,  vomiting,  and  purgation,  while  the 
small  quantities  absorbed  exhibit  characteristic  lesions  in  the  liver, 
spleen,  kidneys,  and  other  organs.  We  are  concerned,  however,  with 
amounts  far  below  those  necessary  to  cause  any  such  violent  symp- 
toms, amounts  which  could  scarcely  exceed  15  to  20  milligrams  of 
copper  daily  in  any  case,  and  usually  much  below  this.  In  the  color- 
ing of  peas  and  beans  the  amount  of  sulphate  used  is  generally  less 
than  1  gram  per  kilo,  a  part  only  of  which  becomes  fixed  in  the 
product,  the  actual  copper  content  being  from  25  to  150  milligrams 
per  kilo,  ordinarily. 

What  are  the  effects  of  small  doses,  up  to  20  milligrams,  of  copper 
daily  ?  To  answer  this  question  experiments  have  usually  been  made 
with  the  sulphate  or  other  soluble  salt,  but  it  should  be  recognized 
that  this  does  not  exactly  correspond  to  the  practical  situation,  since 
in  the  pea  or  bean  the  copper  is  largely  combined  as  phyllocyanin 
compound,  which  in  its  solubility  is  very  different  from  the  ordi- 
nary salts,  and  is  much  more  stable. 

The  results  of  a  long  series  of  experiments  carried  out  in  my 
laboratory  in  the  last  two  years  have  convinced  me  that  the  copper 
perfectly  combined  in  this  chlorophyll  derivative  is  practically  with- 
out any  evident  physiological  action  in  amounts  up  to  12  or  15  milli- 
grams daily,  which  amounts  would  be  contained  in  a  weight  of  the 
vegetable  as  large  as  any  one  could  eat  with  a  relish  for  more  than 
a  short  period.  There  appears  to  be  no  effect  on  body  weight,  nitro- 
gen metabolism,  blood  factors,  or  qualitative  or  microscopic  blood 
findings.  Nausea  is  not  produced.  But  the  case  is  somewhat  differ- 
ent when  we  turn  to  small  doses  of  copper  salts  given  in  tea,  coffee, 
milk,  or  beer.  Here  in  time  we  notice  some  effect,  especially  in  caus- 
ing nausea  and  digestive  disturbances,  and  also  in  some  cases  a  slight 
modification  of  the  nitrogen  partition  and  some  of  the  blood  factors. 

In  young  vegetables  with  high  chlorophyll  content  the  copper  sul- 
phate used  in  small  amount  appears  to  be  very  perfectly  combined. 
This  compound  is  remarkably  stable,  and  resists  the  action  of  the 
digestive  ferments  to  a  degree  which  prevents  any  great  absorption 
of  the  copper.  In  the  case  of  the  green  pea,  especially,  the  chloro- 
phyll is  largely  in  the  hulls,  and  these,  still  green  with  their  copper 
compound,  may  pass  through  the  alimentary  tract  and  be  found  in 
the  feces  but  little  changed.  This  copper-chlorophyll  complex  is 
but  slowly  broken  up  by  hydrogen  sulphide  or  ammonium  sulphide. 
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In  older 'vegetables,  however,  where  the  chlorophyll  has  become 
considerably  destroyed,  this  copper  compound  can  not  be  formed  to 
the  same  extent,  and  the  copper  added  in  the  canning  operation  goes 
into  a  union  with  proteins,  which  is  easily  broken  down.  In  this 
case  the  copper  acts  much  as  it  does  in  the  ordinary  inorganic  salts. 
In  experiments,  I  have  found  it  possible  to  add  250  to  oOO  milli- 
grams of  copper  per  kilo  to  old  green  peas,  and  others  have  reported 
still  higher  additions.  Much  of  this  copper  may  be  separated  easily 
by  dilute  hydrochloric  acid. 

The  fact  that  the  nonionic  copper  in  the  phyllocyanate  is  practi- 
cally inert  physiologically  has  been  noticed  by  others.  Reference 
here  may  be  made  to  the  work  of  Tschirsch,19  Spiro,20  Brandl.21 
These  writers  agree  that  other  compounds  of  copper  have  a  much 
more  marked  effect.  From  these  other  combinations,  as  well  as  from 
imperfectly  coppered  vegetables,  the  metal  may  reach  the  liver  and 
other  organs  and  in  time  produce  a  marked  effect.  In  a  series  of 
experiments  by  Chittenden  this  absorption  has  been  clearly  shown. 
As  long  as  it  is  not  practically  possible  to  limit  the  use  of  copper 
in  greening  to  the  youngest  vegetables  only,  and  in  a  specified  small 
amount,  it  would  seem  that  it  might  be  well  to  prohibit  its  use  alto- 
gether in  foods  where,  indeed,  it  serves  no  useful  purpose  beyond 
imparting  a  bright  green  color. 

SULPHUROUS  ACID. 

Sulphurous  acid  is  used  in  two  essentially  different  ways  in  the 
treatment  of  food  products.  First,  in  the  free  state  or  the  oxide, 
and,  secondly,  as  a  salt,  usually  sodium  sulphite,  but  sometimes  the 
bisulphite.  Some  years  ago  there  was  for  a  time  a  limited  appli- 
cation of  the  true  hyposulphite,  but  this  seems  to  have  been  aban- 
doned. Sulphurous  acid  found  its  first  uses  in  this  connection  in 
the  protection  of  must  before  fermentation  and  in  the  racking  off 
or  transfer  of  wines  from  one  vat  to  another  or  just  before  bottling. 
These  uses  are  still  in  vogue  and  other  uses  have  been  introduced, 
especially  in  the  clarification  of  cane  juices  before  boiling  dowrn  for 
sugar  and  in  the  treatment  of  certain  fruits  in  the  sun-drying  process. 
Within  comparatively  recent  times  the  application  of  sodium  sulphite 
in  some  of  the  minor  meat  industries  and  in  the  canning  of  certain 
vegetables  was  introduced. 

It  will  be  seen  at  a  glance  that  we  have  here  two  rather  distinct 
conditions.  In  the  application  of  the  sulphurous  acid  in  the  sugar, 
wine,  and  fruit  industries  there  is  finally  a  pretty  complete  combi- 
nation of  the  product  with  the  sugars  to  form  the  aldehyde  com- 
pounds, from  which  the  sulphite  is  gradually  oxidized.  These  car- 
bohydrate-containing substances  hold  also  certain  organic  salts,  the 
66692— vol  2,  pt  1—13 24 
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acids  of  which  are  in  part  displaced  by  the  sulphurous  acid.  The 
protein  and  fatty  substances  of  meats,  however,  are  in  themselves 
inert  toward  sodium  sulphite  and  the  latter  remains  unmodified  or 
combined.  The  fats,  in  addition,  protect  the  sulphite  from  rapid 
oxidation.  Among  food  chemists  there  seems  to  be  a  practical  recog- 
nition of  this  distinction  in  the  active  condition  of  the  two  classes 
of  sulphured  products,  and  the  question  of  permissibility  of  use  has 
been  advanced  generally  with  reference  to  the  sulphites  rather  than 
as  concerns  the  carbohydrate  combinations. 

As  observed  with  relatively  large  ingestions,  all  these  products 
exert,  of  course,  a  somewhat  toxic  action,  and  the  toxicity  of  the  car- 
bohydrate combinations  seems  to  run  parallel  with  their  rates  of  dis- 
sociation as  aldehyde  compounds.  For  the  pure  aldehydes  the  rate 
is  rather  rapid  in  the  glucose  compound,  as  the  lengthy  investigations 
carried  put  by  Host  and  Franz  and  by  Kerp  22  have  shown.  But  in 
their  experiments  the  rate  of  dissociation  of  the  glucose  aldehyde 
compound  is  undoubtedly  far  greater  than  would  be  the  case  in  the 
commercial  combinations  of  fruits  and  sirups,  for  example  where 
there  is  always  a  great  protecting  excess  of  the  sugar  present.  In 
most  of  the  experiments  carried  out  to  test  the  pharmacological 
action  the  dosage  of  the  sulphur  compound  has  been  so  relatively 
large  as  to  render  difficult  a  conclusion  regarding  the  behavior  of 
small  doses,  or  those  which  have  practical  importance.  This  is  espe- 
cially true  of  the  experiments  of  Kionka,23  frequently  quoted. 

In  Lehmann's  experiments  on  dogs  and  cats,  with  doses  running 
up  to  37.5  and  62  milligrams  of  sulphurous  oxide  (150  to  250  milli- 
grams of  sulphite)  daily,  and  extending  through  about  200  days,  no 
definite  harmful  effects  were  seen.  Lehmann 24  considered  these 
doses  relatively  large. 

I  can  refer  but  briefly  to  the  work  of  two  recent  French  com- 
missions which  have  studied  the  behavior  of  sulphurous  acid  in  wine, 
with  respect  to  the  health  of  the  consumer.  As  a  result  of  these 
investigations  an  official  announcement  was  made  about  a  year  ago 
in  France  advancing  the  allowable  content  of  sulphurous  oxide  in 
wine  from  350  to  450  milligrams  per  liter,  of  which  not  over  100 
milligrams  may  be  in  the  free  state.  I  have  not  heard  that  this  ten- 
tative standard  has  been  modified. 

This  whole  question  is  now  under  review  by  the  commission  ap- 
pointed by  the  Secretary  of  Agriculture  of  this  country,  but  the 
lengthy  investigations  undertaken  have  not  yet  been  brought  to  a 
conclusion,  and  can  not,  therefore,  be  discussed  here. 
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DIE    PHYSIOLOGISCHE    BEDEUTUNG    EINIGER    SUBSTANZEN    FtJB 
DIE   KONSERVIERUNG   DER   NAHRUNGSMITTEL. 

Von  Dr.  Artur  Schattenfroh,  Professor  der  Hygiene  an  der  Wiener 

Universitat  ( Osterreich ) . 

Die  Konservierung  der  Nahrungsmittel  durch  Zusatz  bestimmter, 
die  Mikrobientatigkeit  hemmender  Substanzen  beansprucht  fur  den 
Efygieniker  immer  ein  hohes  Mass  von  Interesse.  Es  darf  daher 
nicht  Wunder  nehmen  und  kann  wohl  der  allgemeinen  Zustimmung 
sicher  sein,  dass  die  Kongressleitimg  das  Thema,  das  erst  am  letzten 
hygienischen  Kongresse  in  Berlin  verhandelt  wurde,  neuerlich  zur 
Diskussion  stellt.  Die  Absicht,  immer  wieder  das  Schadliche  und 
Unzutragliche  konservierender  Zusatze  zu  Lebensmitteln  von  hygie- 
nischen Gesichtspunken  zu  beleuchten,  erscheint  mehr  denn  je  als 
begriindet  und  zeitgemass.  Gewinnen  doch  leider  die  Bestrebungen 
derjenigen  immer  mehr  an  Boden,  die  aus  Gewinnsucht,  Gleichgil- 
tiglceit  oder  Unverstand — direkt  und  indirekt — die  Verbreitung  der 
Konservierungsmittel  fordernd,  den  hygienischen  Postulaten  gegen- 
iiber  sich  ablehnend  verhalten. 

Wenn  ich  daran  gehe,  einen  kurzen  Uberblick  iiber  das  umfang- 
reiche  Gebiet  zu  geben,  so  halte  ich  es  aus  mehrfachen  Griinden  fur 
angezeigt,  die  Anlehnung,  an  das  vortreffliche  Berliner  Referat  von  v. 
Gruber,  Lehmann  und  Paul  zu  such  en.  Insbesondere  der  allgemeine 
Teil  der  Schlusssatze  der  genannten  Autoren  prtizisiert  in  so  klarer 
Form  und  ganz  ohne  Einschrankung  giltig  die  Anschauungen  der 
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Hygieniker,  dass  man  kaum  in  der  Lage  ist,  irgend  etwas  Wesentliches 
hinznzufiigen.  Ich  mochte  nur  auf  folgendes  besonders  aufmerksam 
machen. 

Bei  der  Beurteilung  eines  Konservierungsmittels  taucht  zunachst 
die  Frage  auf,  ob  dasselbe  bei  ein-  oder  mehrmaliger  Aufnahme, 
insbesondere  aber  bei  liaufigem  oder  regelmassigem  Genusse  des 
damit  versetzten  Nahrungsmittels,  fur  den  Mensehen  gesundheits- 
schadlich sei,  und  da  erscheinen  in  erster  Linie  die  Toxikologen 
berufen,  auf  Grand  ihrer  Erfahrungen  und  geeigneter  Experimente 
die  richtige  Antwort  zu  geben.  In  Wirklichgeit  konnen  sich  aber 
die  Fragestellung  und  die  Methodik  der  pharmakodynamischen 
Forschungsrichtung  nur  ausnahmsweise  dem  tatsachlichen  Bediirf- 
nisse  anpassen  und  diese  wird  daher  nur  selten  den  Hygieniker 
befriedigende  Aufschliisse  bringen.  Der  Unterschied  zwischen  phar- 
makologischer  und  hygienischer  Beurteilung  einer  einem  Na-hrungs- 
mittel  zugesetzten  fremden  Substanz,  z.  B.  eines  Konservierungs- 
mittels ist  nicht  nur  darin  gelegen,  dass  die  hygienische  Betrachtung 
des  Gegenstandes  viel  weitere  Gesichtspunkte  sucht  und  auch  nach 
den  Schaden  fragt,  die  der  Zusatz  des  Stoffes  indirekt  bervorruft — 
wie  Verdeckung  der  minderen  Qualitat  des  Nahrungsmittels,  des 
Verderbs,  Forderung  einer  bestimmten  nachteiligen  Zersetzung, 
Unterdriickung  der  "  physiologischen  "  Bakterienflora,  etc.  etc. — auch 
der  Begriff  der  Gesundheitsschadlichkeit  scheint  fiir  den  hygienischen 
Fachmann  ein  ganz  anderer  zu  sein,  wie  fiir  den  Toxikologen. 

Die  Definition  des  Begriffes  "  gesundheitsschadlich  "  im  weiteren 
Sinne  unterliegt  gewiss  nicht  geringen  Schwierigkeiten,  da  ja  die 
physiologische  Breite  der  Gesundheit  eine  ziemlich  grosse  ist  und 
auch  individuell  recht  verschieden  begrenzt  wird.  Es  kann  aber 
keinem  Zweifel  unterliegen,  dass  sich  "  gesundheitsschadlich  "  und 
"  giftig "  nicht  decken,  eher  ware  es  zutreffend,  alle  jene  Stoffe, 
welche  "  different "  sind,  als  gesundheitsgefahrlich  zu  bezeichnen. 
Mitunter  freilich  rufen  differente  Stoffe  von  starkster  spezifischer 
Giftigkeit  bei  medizinaler  Anwendung  scheinbar  keine  Gesundheits- 
storungen  hervor,  sondern  leiten  sogar  Heilungsvorgange  ein.  Es 
geht  aber  gewiss  nicht  an,  wollte  man  von  solchen  Substanzen,  die 
zu  ITeilzwecken  dienen,  behaupten,  dass  sie  aus  diesem  Grande 
nicht  gesundheitsschadlich  sein  konnen  und  wollte  man  speziell  die 
medizinale  Dosis  als  unterhalb  jener  liegend  ansehen,  die  als  gesund- 
heitsschadlich zu  gelten  hat.    Gerade  das  Gegenteil  trifft  zu. 

Gesundheitsschadlich  ist  offenbar  der  viel  weitere  Begriff  als 
giftig,  auch  wenn  man  geneigt  ist,  letzteren  Terminus  nicht  so  eng 
zu  begrenzen,  wie  es  gewohnlich  geschieht. 

Eine  b^:ondere  Schwierigkeit  ist  darin  gelegen,  dass  es  keineswegs 
immer  gelingt,  in  sj^eziellen  Fallen  durch  das  Mensehen-  oder  Tier- 
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experiment  die  vorliegende  Frage  zu  losen,  es  ware  denn,  dass  es 
sich  um  exquisit  giftige  Stoffe  handelt.  Auch  in  Beobachtung  im 
Grossen  liisst  im  Stich,  da  die  Gesundheitssloiungen,  die  durch  die  in 
der  Eegel  kleinen  Dosen  differenter  Stoffe  herbeigefiihrt  werden, 
nur  ausnahmsweise  so  prompt  und  turbulent  auftreten,  dass  ihre 
ursiichliche  Beziehung  zu  dem  genossenen  Stoff  klar  liegt. 

Jedenfalls  miissen  wir  vom  Standpunkte  der  hygienischen  Fiir- 
sorge  fiir  den  Konsumenten.  mindes  tens  verlangen,  dass  alle  fremd- 
artigen  Zusatze  zu  Nahrungsmitteln  insolange  als  unzulassig  erklart 
werden,  als  nicht  ihre  vollige  Unschadlichkeit  erwiesen  ist — und  mag 
diese  Forderung  nach  dem  eben  Auseinandergesetzten  auch  als  eine 
strenge  und  schwTer  zu  erfullende  gelten,  so  ist  eine  zweite  doch  mit 
um  so  grosserem  Nachdruck  zu  stellen  und  auch  leichter  zu  erreichen : 
"  S  u  b  s  t a  n  z  e  n ,  die  im  Menschen-  o  d  e  r  Tierver- 
such.bei  beliebiger  Anwendung  als  different 
erkannt  sind,  sollttn  als  Zusatze  zu  mensch- 
lichen  Nahrungs-  und  G  e  n  u  s  s  m  i  t  t  e  1  n  auch  in 
kleinsten  Dosen  nicht  zugelassen  werden." 
Grenzzahlen — hierin  stimme  ich  dem  Eeferate  von  v.  Gruber,  Leh- 
mann  und  Paul  durchaus  bei — sind  grundsatzlich  zu  verwerfen, 
da  sie  nicht  kontrollierbar  sind  und  sind  nur  in  Ausnahmsfallen  zu 
dulden. 

Einer  kurzen  Erorterung  bedarf  die  Deklaration  fiir  Konser- 
vierungsmittel.  Die  Forderung,  dass  derartige  Zusatze  zu  Nahrungs- 
mitteln obligatorisch  durch  den  Deklarationszwang  gekennzeichnet 
werden,  ist  gewiss  an  sich  wohl  begriindet,  ja  man  konnte  sagen, 
dass  sie  aus  logischen  Griinden  gestellt  werden  muss.  Tatsachlich 
aber  ist  ihre  Durchfiihrung  nicht  zu  gewiirtigen,  da  die  Deklaration 
erfahrungsgemass  nur  im  Grosshandel  geiibt  wird  und  im  Detail- 
handel  verschwindet.  Die  Deklaration  dient  demnach  in  der  Eegel 
nur  als  Deckmantel  fiir  die  Fiilschungen  der  unlauteren  Gross- 
produktion.  die  ihre  Erzeugnisse  unbekiimmert  unter  Deklaration 
in  den  Handel  bringt,  da  sie  nicht-  zu  fiirchten  braucht,  dass  dieser 
die  Ware  als  unverkauflich  erklart  und  zuriickweist.  Der  Detail- 
handler  lost  die  verraterische  Hulle  und  das  Publikum  erfahrt 
nichts  von  der  Metamorphose. 

Die  Deklaration  ist  kein  Schutz  fiir  die  Konsumenten  und  sie 
darf  demnach  niemals,  das  kann  nicht  stark  genug  betont  werden, 
als  eine  ausreichende  Gewahr  dafiir  angesehen  werden.  dass  das 
Publikum  nicht  iibervorteilt  wird. 

Unter  gar  keinen  Umstiinden  darf  aber  die  Deklaration  als  eine 
gemigende  Sicherung  angesehen  werden,  wenn  es  sich  um  Zusatze 
handelt,  die  nach  der  Art  des  angewendeten  Priiparats  als  nicht  un- 
bedenklich  gelten.     In  diesen  Fallen  ist  die  Deklaration,  soferne  man 
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annehmen  wollte,  dass  sie  geiibt  wird,  geradezu  schadlich,  denn  das 
Publikum  wird  beim  Erkennen  des  deklarierten  Zusatzes  im  Ver- 
trauen  auf  die  offentliche  Controlle  der  Lebensmittel  der  Meinung 
sein,  dass  es  sich  um  harmlose  Substanzen  handelt,  die  aus  irgend 
welchen  technischen  Riicksichten  dem  Lebensmittel  beigemengt 
werden. 

Fiir  den  Gesetzgeber  bedeutet  aber  ein  derartiges  Vorgehen  eine 
seheinheilige  Handlung,  indem  er  es  der  Urteilskraft  des  einzelnen 
iiberlasst,  seine  Entscheidung  ze  treffenfi  selbst  aber  den  Mut  nicht 
aufbringt,  den  bedenklichen  Zusatz  zu  verbieten.  So  lasst  sich  die 
Notwendigkeit  nachstehender   Forderung  gewiss  nicht  bezweifeln: 

"Der  Zusatz  eines  als  different  erkannten  Kon- 
servierungsmi  1 1  els  zu  einem  Lebensmittel  darf 
nicht  dann  als  zulassig  angesehen  werden,  wenn 
er  deklariert  wird.  In  einem  solchen  Falle  ist 
die  Deklaration  geradezu  als  schadlich  anzushe." 

Am  Schlusse  dieser  allgemeinen  Erorterungen  mochte  ich  die  Auf- 
merksamkeit  der  Fachmiinner  noch  auf  folgenden  Punkt  lenken. 
Gelegentlich  wird  behauptet,  dass  der  Zusatz  eines  Konservierungs- 
mittels  oder  ahnlichen  Stoffes  zu  einem  Lebensmittel  nicht  erfolge, 
um  dasselbe  haltbar  zu  machen  (wie  ja  in  den  meisten  Fallen),  oder 
um  es  dem  Geschmacke  des  Publikums  entsprechend  zu  schonen  (wie 
z.  B.  beim  Kupfern  konservierter  gruner  Gemiise) ,  sondern  die  Erzie- 
lung  einer  ganz  bestimmten  Qualitat  bezwecke  und  in  diesem  Sinne, 
wenn  diese  letztere  eine  beim  Publikum  beliebte  Handelsware  betrifTt, 
unentbehrlich  und  daher  zu  tolerieren  sei. 

Mir  schwebt  hier  vor  allem  das  Beispiel  der  geschwefelten  Gorzer 
Prunellen  vor,  deren  Begutachtung  jiingst  den  osterreichischen 
Obersten  Sanitatsrat  in  eingehender  Beratung  beschaftigte. 

Es  wird  von  Devarda,  einem  ausgezeichneten  Kenner  der  Produk- 
tionsverhaltnisse,  die  Behauptung  aufgestellt,  dass  die  landesubliche 
Schwefelung  der  Prunellen  in  der  Umgebung  von  Gorz,  die  von  den 
Bauern  in  ausserst  primitiver  Weise  durch  Verbrennen  von  Schwefel 
unter  den  Obsthiirden  vorgenommen  wird,  fiir  das  gewonnene 
Produkt  von  ausschlaggebender  Bedeutung  sei.  Nicht  oder  nicht 
ausreichend  geschwefelte  Prunellen  seien  missfarbig,  trocken  und 
auch  bei  weitem  nicht  so  schmackhaft.  Devarda  ist  geneigt,  fiir 
diesen  Einfluss  der  schwefligen  Siiure  auf  das  Frirchtfleisch  chemische 
Wirkungen  anzunehmen,  die  sich  im  Gefolge  des  Schwefelungs- 
prozesses  wahrend  des  nachfolgenden  Trocknens  und  Eeifens  der 
Konserven  abspielen.  Es  erscheint  eine  solche  Vermutung  von  vorn- 
herein  als  nicht  unbegrundet.  Es  ist  sehr  wohl  moglich,  dass  das  fer- 
tige,  ubliche  Produkt  bei  den  gegenwlirtig  verfiigbaren  Einrich- 
tun     '      '  "      reichliche  Schwefelung  nicht  erzielt  werden  kann  und 
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es  kann  in  der  Tat  hier  eine  chemische  oder  physikalisch-chemische 
Wirkung  der  schwefeligen  Siiure  vorliegen.  Fur  die  hygienische 
Beurteilung  erwachsen  aus  solchen  Tatsachen  mitunter  ausserordent- 
liche  Schwierigkeiten,  da  die  Macht  der  Produktion  und  die  handels- 
politischen  Einfliisse  haufig  genug  hoher  veranschlagt  werden  a  Is 
die  fachmannischen  tJberlegungen.  Hier  handelt  es  sich  eben  um 
Machtfragen.  Das  fachmannische  Urteil  kann  aber  begreiflicher- 
weise  davon  nicht  beriihrt  werden.  Sind  solche,  die  Qualitat  eines 
Lebensmittels  in  irgend  einer  Weise  beeinflussende  und  bestimmende 
Zusatze  nicbt  vollig  unschadlich,  so  sind  sie  ebenso  wie  jene  eines 
konservierenden  Stoffes  als  unzulassig  zu  erkliiren  und  Publikum  und 
Produktion  miissen  trachten,  ihre  Wiinsche  der  neuen  Situation 
anzupassen. 

In  dem  erwiihnten  Falle  hat  denn  auch  der  Oberste  Sanitatsrat 
mit  grosser  Majoritat  diesen  Standpunkt  eingenommen. 

Ich  will  nun  im  speziellen  Teil  meines  Referates  die  Wirkungen 
einzelner  wichtigerer  Konservierungsmittel  in  Betracht  ziehen. 

AMEISENSAURE. 

Die  konservierende  Wirkung  der  Ameisensaure  zeigt  sich  nach 
Croner,  Seligmann  und  Proskauer  bereits  in  0.15  prozentigen  Lo- 
sungen  (gegen  Hefepilze  und  Milchsaurebakterien),  nach  Fleig  ist 
die  antiseptische  Wirkung  der  Ameisensaure  ausserst  schwach. 

Von  den  toxikologischen  Wirkungen  interessieren  fur  die  vorlie- 
gende  Frage  begreiflicherweise  nur  jene,  welche  der  per  os  verab- 
reichten  Ameisensaure  zukommen.  Versuche  am  Menschen  wurden 
in  letzter  Zeit  (1906)  nur  von  Kallmann  und  Lebbin  angestellt,  die 
feststellten,  dass  ihre  Versuchspersonen  durch  mehrere  Wochen 
taglich  J  Liter  Himbeersaftlimonade  unter  Zusatz  von  0.5  g  Amei- 
sensaure ohne  Beschwerden  und  ohne  Nierenschiidigung  zu  sich 
nahmen. 

Aus  den  Tierversuchen  ergibt  sich  im  Wesentlichen  folgendes: 
Grossere  Mengen  bewirken  Nierenschadigung,  die  auf  Saurewirkung 
zu  beziehen  ist.  Formiate  verbrennen  zu  Bicarbonaten  und  machen 
den  Harn  alkalisch,  werden  aber  auch  zum  Teil  unverandert  mit 
dem  Harn  ausgeschieden.  Bei  stomachaler  Einfuhrung  wird  ein  Teil 
der  Ameisensaure  bereits  im  Verdauungstrakte  unter  Mitwirkung  der 
intestinalen  Mikrobienflora  in  H2  und  C02  zersetzt  (Fleig,  1907  und 
1908).  Geringe  Mengen  von  Ameisensaure  wirken  antidiastatisch, 
in  grossern  Dosen  vermehren  sie  Sekretion  und  Peristaltik  (Fleig). 

Die  Ameisensaure  ist  kein  spezifisches  Herzgift,     Ob  sie  Methlimo- 
globin  im  Korper  bildet,  ist  nach  den  Versuchen  von  Eost,  Franz 
und   Heise  wieder  fraglich  geworden,   ebenso  ob   eine   kumulatJ 
Wirkung  kleiner  Dosen  angenommen  werden  darf.     Nach   Heffter 
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imd  Rubner  wirkt  die  Ameisensaure  nach  Art  der  organischen 
Sauren,  aber  starker  atzend  als  Essigsaure.  In  Yerdiinnungen  wirkt 
sie  schadigend  auf  die  Schleimhaut  des  Magendarmkanals  und  bei 
Zufuhr  grosserer  Mengen  auch  auf  die  Nieren. 

BORSAURE   UND  BORAX. 

Auch  nach  neueren  Yersuchen  an  Hunden  (Puppe)  sowie  nach  der 
Anschauung  der  wissenschaftlichen  Deputation  fur  das  deutsche 
Medizinalwesen  und  auf  Grund  der  Arbeiten  von  Forster  mtissen 
Borsaure  und  Borax  selbst  in  kleinen  Dosen  als  Stoffwechselgifte 
angesehen  werden,  nachdem  der  Meinungsstreit  zwischen  Liebreich 
und  Gerlach  einerseits  und  Wiley,  Rost,  Kister  und  Hoffmann 
anderseits  wohl  zu  gunsten  der  letzteren  Auffassung  als  entschieden 
gelten  darf.  Die  Yerwendung  von  Borsaure  und  Borax  zur  Nah- 
rungsmittelkonservierung  ist  zweifellos  unzulassig. 

SCHWEFLIGE    SAURE. 

Das  unselige  Rundschreiben  des  deutschen  Reichskanzlers,  das 
die  Duldung  von  1200  mg  schwefliger  Saure  in  1  Kg  Dorrobst 
anordnet,  hat  in  der  fachmannischen  Beurteilung  der  vorliegenden 
Frage  einigermassen  verwirrend  gewirkt  und  wohl  auch  uberrascht. 
Machen  sich  doch  schon  600  mg  durch  den  unangenehmen,  kratzenden 
Geschmack  bemerkbar.  Nach  hygienischen  Begriffen  ist  auch  die 
amerikanische  Grenzzahl  (350  mg  pro  Kg  Dorrobst)  weit  zu  hoch 
gegriffen.  Das  Argument,  das  fur  die  Berechtigung  so  hoher  Zusatze 
in  der  Regal  angefiihrt  wird,  dass  es  sich  nicht  um  freie  schweflige 
Saure,  sondern  um  glukoseschweflige  Saure  handle,  ist  nicht  stich- 
haltig,  da  die  letztere  lose  Yerbindung  ungemein  leicht  dissoziiert. 
Dies  geht  schon  daraus  hervor,  dass  freie  schweflige  Saure  neben 
glukoschwefliger  Saure  jodometrisch  nicht  bestimmt  werden  kann, 
indem  in  dem  Masse,  als  die  freie  Saure  oxydiert  wird,  die  gebundene 
Saure  dissoziiert  (im  Gegensatz  zu  der  viel  bestandigeren  alde- 
hydschwefligen  Saure). 

Mehr  geschadet  als  geniitzt  haben  die  Yersuche  Kionka's  an  Hunden, 
bei  denen  die  Yerfutterung  kleiner  Dosen  von  Sulfiten  angeblich 
schwere  innere  Blutungen  ausloste.  Lehmann  und  Trentlein,  die  bei 
exakter  Nachpriifung  die  Kionka'schen  Yersuchsresultate  an  Hunden 
und  Katzen  nicht  bestatigen  konnten,  neigen  infolge  dessen  zur 
Annahme,  dass  kleine  Mengen  schwefliger  Saure  im  Korper  rasch 
oxydiert  wiirden  und  daher  unschiidlich  seien.  Diesbezugliche  Yer- 
suche an  Menschen,  die  in  diesem  Sinne  sprachen,  wurden  aber  von 
den  Autoren  nicht  ausgef iihrt. 

Es  scheint  mir,  dass  die  Yersuchsergebnisse  von  Wallbaum  und 
Jacoby.  unci)  denen  10-50  mg  schwefliger  Saure  bei  Menschen  gesund- 
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heitsschadlich  wirkten,  bisher  zu  Recht  bestanden  and  durch  Tier- 
versuche  in  ihrer  Beweiskraft  nicht  erschiittert  werden  konnen. 

Aber  auch  die  anderen  bisher  in  dcr  Literatur  verzeichneten  Men- 
schenversuche  mit  schwefliger  Saure  (Polli,  Bernatzik  und   Braun, 

Pfeiffer,  Lench,  Lebbin  &  Kallmann,  Lehmann  (1901),  Marischler, 
Wiley,  Sonntag  und  Franz,  Hoppener)  sprechen  in  ihrer  Gesammt- 
heit  keineswegs  zu  gunsten  der  Unsehadlichkeit  der  schwefligen 
Saure  fiir  den  Menschen.  Vom  toxikologischen  Standpunkte  aus 
wiire  es  immerhin  erwiinscht  an  einer  grosseren  Anzahl  von  Menschen 
die  Giftwirkung  der  schwefligen  Saure  des  naheren  zu  erforschen,  in 
hygienischer  Hinischt  darf  wohl  angenommen  werden,  dass  die  Unzu- 
lassigkeit  des  Zusatzes  von  schwefliger  Saure  zu  Lebensmitteln  nicht 
1  anger  zu  bezweifeln  ist. 

SALICYLSAURE. 

Die  Ergebnisse  der  Versuche  von  Wiley  an  Menschen  (1906), 
in  denen  die  Mehrzahl  der  Versuchspersonen  durch  fortgesetzten 
Genuss  kleiner  Dosen  von  Salicylsaure  ungiinstig  beeinflusst  wurde, 
haben  gewiss  an  Beweiskraft  nichts  eingebiisst,  wenngleich  im  allge- 
meinen  Christian  (1908)  zugestimmt  werden  kann,  dass  Dosen  unter 
0.1  g  Salicylsaure  die  normalen  Functionen  des  Korpers  nicht 
alterieren. 

Sehr  beachtenswert  ist  die  relativ  starke  Wirkung  der  Salicylsaure 
auf  kranke  Meren  und  bei  der  grossen  Verbreitung  von  Nierenaffek- 
tionen  ist  auf  diesen  Umstand,  wie  schon  Lehmann  betont,  Gewicht 
zu  legen. 

BENZOESAURE. 

Das  Hauptinteresse  an  den  Wirkungen  der  Benzoesiiure  wandte 
sich  auch  in  den  letzten  Jahren  vorwiegend  der  Frage  zu,  wie  sich 
bei  Benzoesauredarreichung  die  Ausscheidung  dieser  Substanz 
bewegt  und  wie  weit  die  Bildung  des  Paarlings  der  Benzoesaure  in 
Hippursauremolekiil,  des  Glykokolls,  durch  die  Benzoesiiurezufuhr 
beeinflusst  wird  (Mangus-Levy,  Seo,  Lewinski,  H.  D.  Dakin). 

Es  scheint,  dass  relativ  sehr  grosse  Mengen  von  Benzoesaure  fast 
restlos  als  Hippursaure  ausgeschieden  werden  konnen,  wobei  aller- 
dings  der  zur  Glykokollbildung  notige  Stickstoff  dem  Eiweissbestand 
des  Korpers  entzogen  werden  muss,  wenn  der  Nahrungsstickstoff 
hiezu  nicht  ausreicht.  Bemerkenswert  ist,  dass  Benzoesaure  im 
Harn  auch  infolge  Spaltung  der  ausgeschiedenen  Hippursaure — 
durch  Bakterien  oder  Fermente — auftreten  kann.  Nierenkranke 
scheiden  die  Hippursaure  unvollkommen  aus,  bilden  sie  aber  an- 
scheinend  in  unverminderter  Menge.  Friedmann  &  Tachau  fanden, 
dass  die  Hippursaure-Synthese  bei  Kaninchen  in  der  Leber  erfolgt, 
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wahrend  den  Muskeln  und  der  Niere  die  Fahigkeit,  Hippursaure  zu 
bilden,  fehle.  Nach  Wiley  (1908)  werden  Benzoesaure  und  ben- 
zoesaures  Natron  im  Korper  zuriickgehalten.  Seine  Versuchsper- 
sonen  zeigten  Verdauungsstorungen,  Gewichtsabnahme  und  Assimi- 
lationsstorungen.  Im  Gegensatz  hiezu  berichtet  Gerlach  (1909) 
liber  die  vollige  Unschadlichkeit  von  0.5-1.5  g  Tagesdosen  Ben- 
zoesaure in  seinen  Menschenversuchen,  wobei  allerdings,  wie  auch 
Kabrhel  bemerkt,  die  Benzoesaure  nicht  dauernd  zugefiihrt  wurde. 

Nach  Wiechowski  wird  die  Benzoesaure  durch  ihre  Paarung  mit 
Glykokoll  keineswegs  vollig  entgiftet,  da  auch  die  Hippursaure  nicht 
ungiftig  sei  und  Gewichtsverlust  und  reduzierte  Nahrungsaufnahme 
bedinge.  Herter,  Chittenden  und  Long  (ref.  von  Kabrhel  1910) 
konnten  auch  bei  Tagesdosen  bis  zu  4  g  keine  giftigen  Wirkungen 
bei  ihren  Versuchspersonen  beobachten,  wenngleich  sich  in  einigen 
Eichtungen  gewisse  Modifikationen  physiologischer  Prozesse  einstell- 
ten,  deren  Bedeutung  aber  nicht  ohne  weiters  richtig  abzuschatzen 
ist.  Aus  den  Versuchen  der  verschiedenen  Autoren  darf  wohl  der 
Schluss  abgeleitet  werden,  dass  die  vollige  Unschadlichkeit  der  Ben- 
zoesaure fur  den  Menschen  nicht  erwiesen  ist,  wenngleich  kleine 
Dosen  (etwa  um  1  g  pro  die)  auch  bei  langerem  Gebrauche  an- 
scheinend  ekklatante  Schadigungen  nicht  hervorzurufen  vermogen. 

FLUSSSAURE  UND  FLUORN ATRIUM. 

In  den  letzten  Jahren  wurden  meines  Wissens  keine  grosseren 
Untersuchungen  liber  die  Wirkungen  der  Fluoride  angestellt,  so  dass 
der  in  den  v.  Gruber'schen  Schlusssatzen  am  Berliner  Kongress  1907 
prazisierte  Standpunkt  gewiss  auch  heute  noch  Giltigkeit  hat. 
Erwahnt  sei  nur  noch,  dass  nach  den  Versuchen  von  Hehner  (1902) 
in  klinstlichen  Verdauungsfltissigkeiten  Fluoride  in  0.02  prozentigen 
Konzentrationen  die  Pepsinwirkung  stark  hemmten. 

Ebenso  wurde  Lab-  und  Diastasewirkung  stark  beeintrachtigt. 
Im  Gegensatz  hiezu  und  zu  Amberg  und  Loewenhart  fanden  Vande- 
velde  und  Poppe  1910,  dass  eine  Veranderung  der  Pepsin-  und 
Trypsinverdauung  durch  den  Zusatz  von  Fluoriden  nicht  erfolge. 

WASSERSTOFFSUPEROXYD. 

Wahrend  zentrale  Giftwirkungen  dem  Wasserstoffsuperoxyd  von 
keiner  Seite  zugeschrieben  werden,  gehen  die  Ansichten  der  einzelnen 
Autoren  uber  die  lokale  Wirkung  des  Wasserstoffsuperoxyds  auf  die 
Schleimliiiute  und  liber  die  Beeinflussung  der  Fermentwirkungen 
durch  WaHserstoffsuperoxyd  auseinander  (Togami,  Vandevelde)  ; 
doch  wird  cine  Hemmung  der  Fermentwirkung  fiir  Ptyalin,  Pan- 
kreasdiastase  nur  von  Vandevelde  behauptet.     Wulflf  erwahnt  1907 
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eine  physiologische  Wirkung  des  Wasserstoffsuperoxyds  auf  die  Ei- 
weisskorper  der  Milch,  indem  diese  durch  das  Wasserstoffsuperoxyd 
in  den  Sauerstoff-gesiittigten  Zustand  iibergefiihrt  werden. 

Gleichfalls  verschieden  ist  das  Urteil  iiber  die  Verwendbarkeit  der 
Perhydrase — bezw.  der  buddisierten  Milch. 

Wiihrend  eine  nicht  ausreichende  Sterilisierung  der  buddisierten 
Milch  (Sporenbildner  werden  nicht  abgetotet)  nur  von  Barthel  und 
Gordan  neben  Geschmackverschlechterung  als  Nachteil  bezeichnet 
wird,  gelangen  andere  Autoren  (Baumann,  Senter,  Lukin)  im 
wesentlichen  zu  den  giinstigen  Kesultaten  von  Chick,  bemiingeln 
allerdings  gleichfalls  die  Geschmacksverschlechterung  der  Milch. 

Huytra,  Prausnitz,  v.  Gruber,  Siebert,  Dettre,  Jost  und  v.  Fay 
aussern  sich  sammtlich  sehr  gunstig  iiber  Geschmack,  Geruch,  Aus- 
sehen  und  Keimgehalt  der  Perhydrasemilch. 

Anscheinend  ist  ein  Zusatz  eines  Katalasepraparates  (Hep in)  zur 
Milch  fur  die  Praxis  nicht  zu  umgehen. 

Erwahnenswert  sind  die  zahlreichen  Versuche  (Bohme,  Deutsch, 
v.  Bokay,  Langer,  Eenard,  Amberg  u.  a.)  mit  Wasserstoffsuperoxyd 
verse tzte  Milch  (Perhydrasemilch)  zur  Ernahrung  von  Kindern 
verschiedenen  Alters  zu  verwenden.  Fast  ausnahmslos  wird  hiebei 
iiber  giinstige  Erfolge  berichtet. 

Es  soil  aber  nicht  unterlassen  werden,  darauf  aufmerksam  zu 
machen,  dass  bei  der  Verwendung  des  Wasserstoffsuperoxydes  zur 
Sterilisierung  und  Konservierung  der  Milch  unbedingt  zu  fordern 
und  zu  iiberwachen  ist,  dass  nur  vollkommen  frische,  unzersetzte 
Milch  damit  behandelt  wird.  Gerade  bei  der  Anwendung  eines  so 
stark  wirksamen  Desinfektionsmittels  zur  Konservierung  ware  die 
nachtragliche  Erkennung  des  schon  vor  der  Behandlung  verdorbenen 
Zustandes  der  Milch  mitunter  recht  schwierig,  insbesondere  wenn 
etwa  der  vorgeschrittene  Sauerungsgrad  durch  Soda  oder  Kalk 
abgestumpft  wird. 

FORMALDEHYD. 

In  den  letzten  Jahren  haben  sich  die  Anschauungen  iiber  die 
Wirkungen  des  Formaldehyds  und  seine  Zulassigkeit  zur  Nahrungs- 
mittelkonservierung  kaum  geiindert.  Bandini  findet,  dass  selbst 
ganz  geringe  Zusatze  von  Formaldehyd  zu  Milch  die  Labgerinnung 
ausserordentlich  verzogern  oder  ganz  aufheben.  Ebenso  wird  die 
Wirkung  des  Pepsins  und  Pankreatins  gehemmt,  hingegen  bleibt  die 
Wirkung  der  anderen  Milchenzyme  ungestort. 

IwanofPs  Untersuchungen  erstreckten  sich  nur  auf  die  Wirkung 
des  mit  Luft  eingeatmeten  gasformigen  Formaldehyds.  Nach  Fleig 
(1908)  regt  Formaldehyd  die  Sekretionen  des  Verdauungstraktes 
insbesondere  die  pankreatische  und  die  der  Galle  an,  wirkt  aber  auf 
die  chemischen  Verdauungsvorgange  selbst   verzogernd  ein.     For- 
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maldehyd  vermehrt  die  Gerinnungsfahigkeit  des  Blutes,  macht  es 
lackfarben  und  bewirkt  Methamoglobinbildung. 

Menschenversuche  mit  Formalinmilch  hat  1908  an  einer  grosseren 
Anzahl  von  Versuchspersonen  (12)  Wiley  ausgefuhrt,  indem  er  den- 
selben  durch  15  Tage  Milch  mit  taglich  0.1-0.2  gr  Formaldehyd  ver- 
abreichte.  Bei  10  Personen  stellten  sich  am  10.  Tage  Verdauungs- 
beschwerden  verbunden  mit  Ublichkeit  und  Erbrechen  ein. 

DISCUSSION. 

Dr.  Karl  Langenbeck,  Boston. — The  rapid  increase  of  our  centers 
of  population  and  the  centralization  of  sources  of  supply  at  often 
great  distances  makes  the  question  one  of  judgment,  even  when  all 
chemico-physiological  data  are  in.  The  growth  of  the  United  States 
makes  it  a  burning  one.  Dr.  Schattenfroh's  citation  of  authorities 
is  generally  hostile  and  the  Kaiserliche  Gesundheits  Amt  appears 
to  be  conservative.  In  applying  chemical  facts  and  physiological 
experiments  on  the  few  for  deductions  on  the  needs  and  safety  of  the 
many,  how  far  would  he  stretch  the  factor  of  safety,  in  the  cases  dis- 
cussed, in  a  more  extended  country? 

Prof.  Long. — The  other  referee  and  another  speaker  have  gone 
somewhat  outside  of  the  scientific  phase  of  the  question,  which  alone 
seemed  to  be  contemplated  by  the  topic  as  assigned.  I  have  dis- 
cussed only  the  question  of  the  physiological  action  of  preservatives, 
and  for  various  reasons  have  not  touched  on  the  questions  of  pro- 
hibiting the  use  of  preservatives  on  other  than  physiological  grounds. 
Much  might  be  said  on  this  phase  of  the  subject,  and  the  statement 
has  been  here  made  that  the  main  objection  to  sodium  benzoate  is  this, 
that  it  may  be  used  to  conceal  an  inferiority  in  the  product  to  which 
it  is  added. 

I  think  this  is  a  mistaken  point  of  view  and  one  not  founded  on  a 
real  understanding  of  the  facts  in  the  case.  No  objection  on  this 
ground  is  urged  against  cinnamon,  cloves,  and  vinegar,  which  are 
very  commonly  employed  as  food  preservatives,  as  well  as  for  their 
flavor.  The  physiological  action  of  these  substances  is  probably 
more  objectionable  than  is  that  of  sodium  benzoate.  As  preserva- 
tives they  must  have  some  action,  and  anyone  familiar  with  their 
pharmacological  behavior  knows  that  their  activity  is  very  marked. 
But  since  the  spices  are  natural  substances  possible  harm  from  using 
them  is  usually  overlooked.  Their  active  principles  are  as  truly 
chemical  as  is  sodium  benzoate,  and  it  must  not  be  forgotten  that 
vinegar  is  really  a  laboratory  product. 

It  is  also  a  curious  fact  that  those  people  who  are  the  loudest  in 
the  condemnation  of  benzoates  are  silent  on  the  question  of  the  be- 
havior of  cranberries,  plums,  and  other  fruits  which  contain  marked 
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amounts  of  benzoic  acid,  and  which  owe  their  keeping  qualities  to 
this  benzoic  acid  content.  It  is  absurd  to  argue  that  because  this  is 
natural  benzoic  acid  its  properties  are  different  from  that  made  in 
the  laboratory,  yet  this  is  an  argument  frequently  heard. 

The  fact  is  that  when  it  comes  to  a  question  of  concealing  the 
presence  of  inferior  or  spoiled  fruits  or  vegetables  in  a  product 
benzoate  is  far  less  efficient  than  are  the  spices  or  vinegar.  Benzoate 
is  not  a  very  strong  antiseptic,  preservative,  or  germicide ;  it  has  no 
color,  taste,  or  odor  in  the  small  amounts  employed,  and  can  cover 
up  nothing.  But  with  the  right  amount  of  spices  and  vinegar  in  a 
catsup,  for  example,  it  is  possible  to  cover  up  the  presence  of  almost 
any  amount  of  decayed  and  valueless  stuff.  This  has  been  done  and 
is  being  done  right  along,  but  if  such  products  happen  to  contain 
benzoate  at  the  same  time,  which  is  sometimes  the  case,  this  alone 
receives  the  blame.  Anyone  disposed  to  view  the  question  in  a  per- 
fectly dispassionate  light  will  be  forced  to  recognize  that  the  highly 
flavored  spice  is  the  real  concealer  of  inferiority,  rather  than  the 
comparatively  mild  benzoate. 

Prof.  Schattenfroh:  Die  Schwierigkeiten  einer  Approvisionie- 
rung  grosser  Stadte  mit  Lebensmitteln  sind  bei  den  grossen  Entfer- 
nungen  mancher  Produktionsgebiete  sicher  sehr  gross.  Doch  sollte 
getrachtet  werden,  durch  ausgiebige  Anwendung  der  Kalte  die  Zer- 
setzung  der  Lebensmittel  beim  Transport  und  in  den  Magazinen  zu 
verhindern.  Gerade  in  den  Vereinigten  Staaten  sind  ja  solche  Ein- 
richtungen  vielfach  jetzt  schon  in  einer  musterhaften  Weise  in 
Bemitzung. 

Auch  ich  bin  der  Meinung,  dass  in  der  Frage  der  Beurteilung  kon- 
servierender  Zusatze  zu  Nahrungsmitteln  bei  Vielen  missverstandliche 
und  irrige  Auffassungen  herschen.  Sind  die  0.1-0.2  Prozent  Benzoe- 
saure in  den  Preisselbeeren  wirklich  ein  so  gewichtiges  Argument 
zugunsten  der  Anwendung  der  Benzoesaure? 

Und  spielt  die  Essigkonservierung  denn  uberhaupt  eine  Rolle  in 
der  Volksernahrung  ?  Es  ware  iibrigens  falsch  zu  glauben,  dass  die 
mit  der  Lebensmittelpolizei  vertrauten  Hygieniker  so  einfaltig  seien, 
die  Gegenwart  eines  bestimmten  Stoffes  bei  seinem  natiirlichen  Vor- 
kommen  in  einem  Nahrungsmittel  anders  zu  beurteilen  wie  seinen 
Zusatz  zum  Zwecke  der  Konservierung.  Eher  konnte  man  sagen, 
dass  die  Meinung  verbreitet  ist,  dass  der  Genuss  der  Benzoesaure 
enthaltenden  Preisselbeeren  nur  deshalb  sich  nicht  als  schiidlich 
erweist,  weil  von  diesen  Friichten  immer  nur  kleine  Mengen  und 
diese  nicht  regelmassig  genossen  werden. 

Die  vollige  Unschadlichkeit  der  Essigsaure  in  grosseren  Dosen 
steht  keineswegs  fest  und  die  praktischen  Arzte  sprechen  schon  seit 
langem  von  dem  Abusus  eines  habituellen  Genusses  stark  saurer 
Speisen. 
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Sei  nun  der  Genuss  der  Essigsaure  schadlich  oder  nicht,  lasst  sich 
irgend  wie  daraus  die  Berechtigung  ableiten,  Zusatze  anderer  schad- 
licher  Stoffe  zu  Lebensmitteln  zu  rechtf  ertigen  ?  Zeigt  nicht  das 
Beispiel  der  alkoholischen  Getranke,  wie  unrichtig  es  ist,  aus  der 
fast  allgemein  verbreiteten  Trinksitte  auf  die  Unschadlichkeit  des 
Alkohols  zu  schliessen  und  ist  es  nicht  sattsam  bekannt,  wie  schwer 
sich  solche  Gewohnheiten  ausmerzen  lassen? 

Wir  furchten,  dass  der  Zusatz  von  konservierenden  Stoffen  zu 
Nahrungsmitteln  haufig  den  Verkehr  mit  minderwertigen  Produkten 
erleichtert,  aber  nicht  in  dem  Sinne,  dass  das  Konservierungsmittel 
durch  seinen  Eigengeruch  oder  Eigengeschmack  die  auffallenden 
Eigenschaften  des  Nahrungsmittels  verdeckt.  Das  "  Schonen  "  der 
Nahrungsmittel  durch  den  konservierenden  Zusatz  und  die  Beeinflus- 
sung  der  sinnfalligen  Zersetzung  jener  durch  das  Konservierungsmit- 
tel haben  in  der  Kegel  eine  ganz  andere  Bedeutung  und  sind  keines- 
wegs  in  Analogie  zu  setzen  mit  den  Geschmack-  und  Geruchwirkungen 
des  Essigs  und  der  Gewurze. 

Naturlich  konnen  auch  diese  das  Erkennen  nachteiliger  oder  min- 
derwertiger  Eigenschaften  eines  Nahrungsmittels  verhindern. 


TUESDAY  MORNING,  SEPTEMBER  24,  1912. 

DIE  SPEZIFISCH-DYNAMISCHE  WIRKUNG  DEE,  NAHRSTOFFE. 

By  Dr.  Max  Rubner,  professor  of  physiology  and  director  of  the  Physiological 

Institute,  Berlin,  Germany. 

Merkwiirdigerweise  hat  man  in  der  altern  Stoffwechsellehre  nie 
daran  gedacht,  zu  untersuchen,  ob  der  Effekt  der  Ernahrung  nicht 
auch  von  der  Temperatur  bei  welcher  ein  Versuch  angestellt  werden 
war,  mit  abhangig  sei.  Ich  bin  durch  ein  genaues  Studium  meiner 
Experimente  dahin  gefiihrt  worden,  diesen  Gedanken  einer  Riick- 
wirkung  der  Warmeiinderungen  auf  die  Ernahrungsvorgange  zu  stu- 
dieren,  wobei  sich  in  hohem  Masse  interessante  Consequenzen  ergeben 
haben. 

Es  war  zunachst  mir  aufgefallen,  dass  man  durch  Fiitterung  gros- 
serer  Nahrungsmengen  vor  allem  von  Eiweiss  eine  Steigerung  der 
Warmeproduktion  gegeniiber  dem  Hungerzustande  herbeifiihren 
kann;  wenn  aber  eine  solche  Steigerung  vorhanden  ist,  so  sagte  ich 
mir.  muss  die  Warmeregulation  verandert  sein,  denn  Steigerung  der 
Verbrennung  bedeutet  Warmeuberschuss  und  letztere  bedeutet  fur 
den  Warmeabfluss  genau  das  gleiche,  als  wenn  wir  die  Warme  der 
Umgebung  soweit  gesteigert  hatten,  dass  eine  Verminderung  der 
Warmeabgabe  herbeigefiihrt  wird.  Der  Korper  muss  aber  bei  Zu- 
nahme  der  Warme  der  Umgebung  bei  innerer  Warmebildung  schon 
fruher  in  den  Zustand  der  Entbehrlichkeit  der  chemischen  Regula- 
tion gelangen.  Dies  hat  sich  auch  als  richtig  erwiesen.  Tatsachlich 
befanden  sich  solche  Tiere  durch  die  Nahrung  meist  in  einem  Zustand 
der  physikalischen  Regulation,  eine  von  der  Nahrung  ausgehende 
Warmebildung  hatte  die  friiheren  Leistungen  der  chemischen  Regula- 
tion iibernommen.  Die  im  Herrschungsbereich  der  chemischen  Reg- 
ulation nur  selten  auftretende  Vermehrung  der  Warmebildung  nach 
Nahrungsaufnahme  iiber  die  Grenzen  der  Hungerzersetzung  hinaus 
lasst  sich  aber  in  voller  Starke  und  Reinheit  dar  zeigen,  wenn  man  von 
vornherein  die  chemische  Warmeregulation  durch  die  Wahl  einer 
hoheren  Lufttemperatur  ausgeschaltet  hat. 

In  der  Tat  lasst  sich  leicht  beweisen,  dass  im  Zustande  der  physi- 
kalischen Regulation  bei  Tieren  alle  Nahrungsstoffe  eine  Steigerung 
des  Energieverbrauches  herbeifiihren,  welche  fur  ausschliessliche 
Ernahrung  mit  Rohrzucker  +  5.8  Prozent  fiir  Fett  +  12.7  Prozent 
fur  Eiweisstoff  +  30.9  Prozent  betragt,    Ich  nenne  diese  Werte,  die 

spezifisch  dynamische  Wirkung. 
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Urn  in  ein  volliges  Nahrungsgleichgewicht  zu  kommen,  muss  man 
noch  erheblich  mehr  an  Stoffen  zufuhren,  als  den  Werten  der  spezi- 
fisch  dynamischen  Wirkung  selbst  entspricht.  Setzt  man  den  Ener- 
gieverbrauch  im  Hunger  =  100,  so  tritt  bei  Eiweiss  ein  Gleichge- 
wicht  ein  bei  140.2;  bei  Fett  Gleichgewicht  ein  bei  114.5;  bei  Rohr- 
zucker  Gleichgewicht  ein  bei  106.4. 

Bei  Experimenten  mit  Mischungen  der  Nahrungsstoffe  stimmten 
die  Wirkungen  etwa  auf  eine  Summierung  nur  bei  Eiweiss  und  Fett ; 
bei  Mischungen  von  Eiweiss,  Fett  und  Kohlenhydraten  wurde  stets 
auch  in  langer  dauernden  Versuchen  etwas  weniger  Warmesteige- 
rung  gefunden,  als  einer  Summation  der  Wirkung  der  einzelnen 
Komponenten  entsprach ;  doch  waren  die  Unterschiede  im  Verhaltnis 
zum  Gesamtstoffwechsel  recht  klein. 

Die  spezifisch  dynamische  Wirkung  einer  gewohnlichen  gemisch- 
ten  Kost  des  Menschen  betragt  7-8  Prozent  mehr  Warmebildung,  als 
sie  dem  Hungerzustand  entspricht. 

Die  durch  die  spezifisch  dynamische  Wirkung  erzeugte  Erhohung 
der  Warmebildung  wird  durch  gleichzeitige  Arbeitsleistung  nicht 
verandert. 

Die  spezifisch  dynamischen  Wirkungen  sind  bei  den  Tieren  nicht 
aufzufinden  gewesen,  solange  ich  bei  niederen  Temperaturen  12-15° 
den  Ernahrungsversuch  ausfuhrte,  da  gelten  streng  die  isodynamen 
Werte.  Die  Unterschiede  kommen  aber  in  voller  Grosse  zum  Aus- 
.druck,  wenn  man  das  Experiment  bei  30-33°  anstellt.  Fur  gewohn- 
lich  sind  diese  besonderen  Wirkungen  der  Nahrstoffe,  die  ich  die 
spezifisch  dynamische  Wirkung  nannte — durch  die  chemische 
Warmeregulation  compensiert.  Diese  letztere  braucht  umso  weni- 
ger zu  leisten,  je  grosser  die  spezifisch  dynamische  Wirkung  einer 
Substanz  ist. 

Bei  niederer  Lufttemperatur  lasst  sich  der  Organismus  leicht 
durch  eine  Nahrung  in  Gleichgewicht  bringen,  welche  genau  seinem 
Verbrauch  im  Hungerzustande  entspricht.  Bei  hoher  Temperatur 
gelingt  dies  nicht,  oder  doch  erst  mit  einem  erheblichen  Ueberschuss 
der  einzuflihrenden  Energie. 

Soweit  die  Tatsachen,  die  leicht  nachzupriifen  sind.  Die  Erkla- 
rung  dieser  besonderen  Wirkung  der  Nahrstoffe  ist  aber  nicht  ganz 
leicht.  Als  ich  die  ersten  Versuche  dieser  Art  machte  (1885)  ;  die 
aber  noch  nicht  mit  voller  Ausschaltung  der  chemischen  Warme- 
regulation angestellt  waren,  dachte  ich  mir  den  Einfluss  der  Nahrung 
als  eine  Anrcgung  der  drfisigen  Teile  des  Korpers  durch  die  Ver- 
dauung.  Nichts  schien  mir  selbstverstandHcher,  als  dass  eben  die 
Nahrungsaufnahme  und  Verdauung,  die  ja  sichtlich  die  Tatigkeit 
in  den  Driisen  des  Nahrungsschlauches  steigert  durch  einen  vermehr- 
ten  Umsatz  in  alien  dabei  beschiiftigten  Zellen  die  Steigerung  der 
Warmeproduktion  herbeiffihrt,   in   gleichem   Masse  war  dann   eine 
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Warmemehrbildung  fiir  warmeregulatorische  Zwecke  entbehrlich. 
Es  war  das  eine  "  Kompensationstheorie  "  gegriindel  auf  die  gegen- 
seitigen  Beziehungen  zwischen  spezifisch  dynamischer  Wirkung  und 
Warmeregulation.  Als  ich  aber  1902  die  Versuche  mit  yolliger  Aus- 
schaltung  der  chemischen  Regulation  wieder  aufnahm,  und  die  gauze 
spezifisch  dynamische  Wirkung  unverkusst  vor  mir  sah,  iiberzeugte 
ich  mich,  dass  meine  friihere  Theorie  zur  Erklarung  nicht  ausreichte. 
Die  8-10  Prozent  Verdauungsorgane,  die  wir  im  Korper  finden,  kon- 
nen  doch  nicht  den  ganzen  Kraftwechsel  des  Korpers  bei  Eiweiss  um 
31  Prozent  der  Tageswerte  steigern. 

Es  kamen  ja  in  meinen  Versuchen  nur  die  leichtcst  resorbierbaren 
Nahrungsstoffe  in  Betracht.  Bei  einem  Pflanzenfresser,  der  eine 
nur  langsam  zu  verdauende  Kost  aufnimmt,  liegen  natiirlich  die 
Verhaltnisse  anders.  Warum  sollen  sich  auch  so  enorme  Unter- 
schiede  bei  den  einzelnen  Nahrungsstoffen  finden?  Warum  der  in 
Wasser  leicht  losliche  Zucker  uberhaupt  eine  besondere  Driisenarbeit 
in  Anspruch  nehmen?  Es  war  mir  weiter  bekannt,  dass  die  Auf- 
nahme,  selbst  grosser  Fliissigkeitsmengen  ohne  eine  Aenderung  des 
Energiebedarfs  verlauft,  dass  weiterhin  auch  die  Resorption  von 
Fleischextractivstoffen,  von  denen  wir  wissen  dass  sie  anregend  auf 
die  Verdauungsdriisen  wirken,  gleichfalls  eine  Steigerung  der 
Warmeproduktion  vermissen  lassen.  Ich  machte  dann  noch  ferner 
die  Beobachtung,  dass  bei  der  Steigerung  der  Eiweisszersetzung  im 
protrahierten  Hungerzustand  und  bei  Phlorhizindiabetes  also  ohne 
Resorptionsvorgange,  wobei  Eiweiss  eingeschmolzen  und  direkt  in 
den  Saftestrom  kommt,  doch  die  spezifisch  dynamische  Wirkung 
sichtbar  wird.  Ich  habe  daher  an  eine  andere  Hypothese  der 
Erklarung  denken  miissen.  Natiirlich  ware  es  widersinnig  annehmen 
zu  wollen,  dass  bei  hohen  Temperaturen  der  Umgebung  das  Energie- 
bediirfnis  der  Zelle  selbst  plotzlich  und  spezifisch  eine  anderes  werden 
sollte,  wie  bei  niederer  Umgebungstemperatur,  also  kann  man  nur 
voraussetzen,  dass  der  Mehrverbrauch  an  Energie  darauf  zuriick- 
fiihren  ist,  dass  diese  Energie  der  Nahrungsstoffe  nicht  fiir  die 
lebende  Substanz  gleich  verwertbar  ist. 

In  welcher  Form  aber  braucht  die  lebende  Substanz  die  Energie? 

Die  Frage  ist  leichter  negative  zu  beantworten  als  positiv.  Sicher 
ist  es,  dass  die  in  den  Spannkriiften  der  Nahrung  eingefuhrte  Energie 
nicht  direkt  als  Warme  auftreten  darf,  auch  nicht  als  Elektrizitat. 

Soil  ich  sie  aber  im  positiven  Sinne  beantworten,  so  kann  ich  mich 
am  verstandlichsten  ausdriicken,  wenn  ich  Ihnen  in  Kiirze  meine 
Anschauung  vom  Ablauf  des  Lebensprozesses  auseinandersetze. 

Die  lebende  Substanz,  als  deren  kleinste  Teilchen  ich  "  Bionten  " 
annehme,  ist  eine  labile  Yerbindung,  welche  sich  selbst  iiberlassen 
unter  Warmeentwicklung  zugrunde  geht,  wenn  sie  nicht  rechtzeitig 
66692— vol  2,  pt  1—13 25 
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mit  neuer  Energie  versorgt  wird.  Diese  Energie  besorgt  sie  sich  aus 
den  nahrenden  Molekiilen,  die  sie  durch  bestimmte  fermentative 
"  Seitenketten  "  wenn  wir  diesen  Ausdruck  wahlen  wollen,"  zerlegt. 
Fiir  die  Haupttypen  der  Nahrungsstoffe  sind  solche  besondere  Fer- 
mentwirkungen anzunehmen.  Zerfallt  das  ernahrende  Molekiil,  so 
gewinnt  die  lebende  Kraft  einen  kleinen  Zuwachs  an  Energie,  der 
sich  im  ganzen  Gebiete  des  "  Bionten "  f iihibar  macht,  also  eine 
Aenderung  der  Stellung  der  Molekule  oder  auch  Atome  zur  Folge 
hat.  Der  nachste,  nach  aussen  hin  fiihlbar  werdende  Effekt  besteht 
in  der  Annulierung  der  Ferment wirkung.  Hat  ein  Zuckermoleld.il 
Kraft  an  die  lebende  Substanz  abgegeben,  so  findet  vorlaufig  auch 
kein  Zerlegung  von  Fett  und  keine  Zerlegung  des  stickstofffreien 
Anteils  des  Eiweisses  statt,  erst  dann,  wenn  durch  Abgabe  von  Energie 
aus  dem  Bionten  (sei  es  mechanische  Kraft,  wie  bei  der  Muskeltatig- 
keit,  sei  es  Warme)  seine  molekularen  und  atomaren  Aufbau  andert, 
erscheinen  wieder  die  Fermentwirkungen  und  neues  Nahrungs- 
material  wird  zerlegt.  Der  Anlauf  der  Lebenszeit  also  ein  Kreis- 
prozess  mit  variablen  Fermentwirkungen,  das  Ganze  geleutet  durch 
Selbstregulation  nach  isodynamen  Prinzip. 

Die  Zelle  kann  netterisch  also  nur  jene  Energie  verwenden,  die  im 
Momente  ihrer  Entwicklung  aus  der  Spannkraft  der  Nahrungsstoffe 
der  lebenden  Substanz  ihre  Kraft  zur  Verfiigung  stellt. 

Es  ist  aber  sicher,  dass  im  Organismus  neben  jenen  echt  vitalen 
Vorgangen  der  Energieversorgung  der  lebenden  Substanz  auch  Pro- 
zesse  fermentativen  Charakters  oder  chemische  Umsetzungen  ausser- 
halb  der  Aktionsphare  der  lebenden  Substanz  unter  Warmeentwick- 
lung  verlaufen.  Man  darf  dabei  aber  nicht  an  die  fermentativen 
Vorgange  bei  der  Verdauung  etwa  denken.  Gewiss  liefert  die  Inver- 
tierung  der  Disaccharate  in  Monosaccharaten,  die  Unwandlung  der 
Starke  in  Glykose,  die  Fettspaltung  etwas  Warme  aber  gerade  die 
Aufspaltung  des  Eiweisses  in  die  tryptischen  Produkte  verliifte 
wie  Grafe  in  meinem  Laboratorium  gezeigt  hat,  thermisch  indiffe- 
rent. Aus  diesem  ganzen  Gebiete  der  Wirksamkeit  der  Verdauungs- 
fermente  kann  ein  nennenswerter  Betrag  eines  Energieverlustes  nicht 
abgeleitet  werden.  Ich  denke  mehr  an  die  Prozesse  der  interme- 
diaren  Zersetzung. 

Ich  mochte  sogar  sagen,  ohne  die  Annahme  solcher  gelegentlichen 
Nebenprozesse  ist  uns  der  komplizierte  Ablauf  der  Zersetzungen  im 
Tierleib  iiberhaupt  garnicht  denkbar,  ja  es  wiirde  nach  moderner 
Auffassung  des  intermediaren  Stoffwechsels  gerade  als  ein  uner- 
triiglicher  Zwang  und  eine  Schwierigkeit  empfunden  werden,  wenn 
man  die  ganze  Stoffwechselgleichung  kontinuierlich  in  engster  Ver- 
bindung  mit  der  lebenden  Substanz  sich  denken  miisste. 

Intermediate  und  rein  thermochemisch  verlaufende  Umsetzungen 
sind  gerade  beim  Eiweiss  und  bei  den  N-haltigen   Stoffen  dieser 
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Gruppe  am  wahrscheinlichsten.    Ich  habe  auch  zeigeu  konnen,  dass 

sich  spezifisch  dynamische  Wirkung  nicht  nur  auf  echtes  Eiwe 
sondern  auch  auf  den  Leim  erstreckt. 

Die  Spalding  der  N-haltigen  Nahrstoffe  im  Korper  erfolgl  sicher, 
wie  Fick  zuerst  annahm,  so  dass  ein  N-freier  Korper  der  spider  i 
direkt  zu  Zucker  oder  Glykose  wird,  und  andererseits  ein  N-haltiger 
Kest  sich  abtrennt,  der  allmahlicher  weiter  abgebaut  wird;  das  Letz- 
tere  geschieht  durch  verschiedene  fermentative  Umwandlungen, 
stufenweise  im  intermediaren  Stoffwechsel,  wobei  zweifellos  freie 
Wiirme  auftritt.  Diese  Theorie  experimentell  zu  beweisen,  dazu 
fehlen  uns  freilich  die  Mittel,  aber  es  gibt  eine  ganze  Anzahl  von 
Argumenten,  die  fiir  sie  sprechen.  Wenn  man  z.  B.  die  verschiedenen 
maximalen  Angaben  iiber  Zuckerbildung  oder  Glykogenbildung  am 
Eiweiss  besonders  jene  von  Lusk  betrachtet  und  voraussetzt,  dass 
diese  Kohlenhydrategruppen  das  energetisch  Wirksame  im  Eiweiss 
sind,  so  kommt  man  sehr  nahe  auf  solche  Relationen  der  Energiever- 
wertung  wie  sie  in  der  spezifisch  dynamischen  Wirkung  ausgedruckt 
tind.  Und  weiter  ist  es  durchaus  denkbar  dass  neben  den  Zucker- 
gruppen  sich  Aminosauren  und  dergl.  abspalten,  die  allmahlich  in 
Harnstoff  ubergefiihrt  werden.  Bei  einem  solchen  Abbau  ist  es 
thermoehemisch  durchaus  moglich,  dass  die  dabei  freiwerdende 
Warme  jenem  im  physikalischen  Regulationszustand  unverwert- 
baren  Energieanteil  entspricht.  Auch  fiir  Fette  und  Kohlenhydrate 
wird  vorausgesetzt,  dass  ihr  Abbau  ein  stufenweiser  wenn  auch  nicht 
so  komplizierter  wie  jener  des  Eiweisses  sei. 

Mit  dieser  Theorie  steht  die  schon  eben  mitgeteilte  Tatsache,  dass 
auch  die  gleichzeitige  Arbeitsleistung  nichts  an  der  spezifisch  dyna- 
mischen Wirkung  andert,  gut  im  Einklang.  Ich  habe  auch  erwahnt, 
dass  Mischungen  von  mehreren  Nahrungsstoffen  immer  eine  etwas 
kleinere  spezifisch  dynamische  Wirkung  gegeben  haben,  als  sich 
durch  Summierung  der  Einzelwirkungen  berechnen  lasst.  In  alien 
solchen  Fallen  handelt  es  sich  bei  meinen  Versuchen  um  kleine 
Eiweissmengen,  daher  wird  auch  ein  erheblicher  Anteil  des  aufge- 
nommenen  Eiweisses  zum  Ersatz  der  Abmitzungsquote  genommen. 
Man  begreift,  dass  es  dabei  nicht  jene  Veranderungen  erfahrt,  die  zu 
einer  spezifisch  dynamischen  Wirkung  fiihren  konnen. 

Wenn  nun  auch  der  ganz  iiberwiegende  Teil  der  spezifisch  dyna- 
mischen Wirkung  auf  die  eben  geschilderten  Veranderungen  der 
Nahrstoffe  im  intermediaren  Stoffwechsel  zuriickgefiihrt  wrerden 
muss,  so  will  ich  natiirlich  nicht  leugnen  dass  ein  paar  Prozente  des 
ganzen  Prozesses  vielleicht  auch  auf  andere  Vorgiinge  entfallen  kann. 

In  alien  drei  Fallen  bei  Eiweiss,  Fett,  und  Kohlenhydraten  kann 
vielleicht  ein  kleiner  Teil  des  Energieverlustes  schon  durch  Faulnis 
und  Giirung  in  clen  Darm  eintreten,  jedwede  Einwirkung  auf  die 
Driisen  des  Darms  absolut  zu  leugnen,  habe  ich  auch  keinen  Grund. 
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Ich  bin  aber  der  Anschauung,  dass  verschiedentlich  solch  eine 
Wirkung  iiberschatzt  wird,  und  dass  ein  experimenteller  Nachweis 
kleiner  Veranderungen  in  der  Tatigkeit  von  Zellgebieten  welche  zum 
Verdauungsgebiete    gohoren,    schwierig,    vielleicht   unmoglich    sein 
kann.     Ich   will   die   Griinde  kurz   auseinandersetzen.     Jeder  wird 
anerkennen  miissen,  dass  die  Tatigkeit  der  Verdauungsdriisen  natiir- 
lich  auch  den  Verbrauch  von  Nahrungsstoffen  steigern  wird.     Die 
iibliche  Kalkulation  ist  aber  die,  dass  man  bei  alien  Betrachtungen 
iiber  die  Verdauung  immer  sammtliche  Fallen  Komplexe  ins  Auge 
fasst,  welche  auch  nur  grob  anatomisch  irgendwie  Beziehung  zum 
Nahrungsrohr  besitzen.     Diese  Annahme  schiesst  zweifellos  iiber  das 
Ziel  hinaus,  denn  wir  konnen  z.  B.  mit  Bestimmtheit  sagen,  dass 
die  Funktionen  der  Leber  oder  des  Pankreases  doch  nicht  einzig  und 
allein  der  Verdauung  dienen,  sondern  auch  noch  anderen  Zwecken. 
Auch  iiber  den  substantiellen  Aufwand  von  Stoffen  fiir  Verdauungs- 
zwecke  und  fiir  die  Verdauungssaftebereitung  hat  man   oft  ganz 
iibertriebene  Vorstellungen  ausgesprochen.     In  der  Driisenzelle  miis- 
sen wie  in  jeder  Zelle  energetische   Prozesse   ablaufen,  weil  diese 
die  Vorbedingung  aktiven  Lebens  sind,  ausserdem  aber  miissen  wir 
wegen  der  Sekretbildung  (Galle,  Magen,  Speichel,  Darmsaft,  Pan- 
kreassaft)    bei  den  Driisen  des  Verdauungsapparates  voraussetzen, 
dass  namentlich  die  N-haltigen  Bestandteile  an  dem  energetischen 
Stoffwechsel  teilnehmen,  also  bei  der  Tatigkeit  in  den  taglichen  Aus- 
scheidungen  in  erheblicherem  Masse  auftreten  und  nachweisbar  sind. 
Trotz   aller   dieser   Verdauungsfunktionen   kann   man   bei   Zucker- 
nahrung    ohne    besondere    Schwierigkeit    die    N-Ausscheidung    des 
Organismus  so  stark  erniedrigen,  dass  sie  oft  nur  J  der  Hunger- 
N-Ausscheidung,  wo  es  garnichts  zu  verdauen  gibt,  ausmacht.     Die 
echt  stofflichen  Bediirfnisse  miissen  also  fiir  Verdauungszwecke  im 
engeren   Sinne  einen  sehr  beschrankten  Umfang  haben.     Fiir   die 
Schatzung  der  Driisenarbeit  wird   ferner  oft   die  starke   Blutver- 
schiebung   nach    den   Unterleibsorganen   zur   Zeit   der   Verdauung 
geltend  gemacht,  aber  nicht  immer  bedacht  dass  eine  solche  selbst 
bei  einem  volligen  Mangel  an  Verdauungsarbeit  bloss  fiir  einfache 
Fliissigkeitsresorption  erforderlich  sein  kann. 

Meiner  Meinung  nach  konnte  ein  Mehrverbrauch  bescheidener 
Art  in  Verhaltnis  zum  Gesamtstoffwechsel  auch  vorhanden  sein, 
ohne,  dass  sich  ein  solcher  in  der  Kohlensaureausscheidung,  der 
Sauerstoffausscheidung,  im  Stickstoffverlust  zu  aussern  brauchte. 
Ich  denke  dabei  an  die  Moglichkeit  einer  kompensatorischen  Ver- 
schleierung  der  erhohten  Tatigkeit  eines  Organs  durch  die  Herabse- 
tzung  des  Stoffwechsels  eines  anderen.  Diese  Annahme  stent  freilich 
nicht  im  Einklang  mit  der  Meinung  mancher  anderer  Autoren, 
welche  als  selbstverstiindlich  voraussetzen,  dass  alle  Organe  unter 
sich  ein   fest  abgestuftes  Verhaltnis  ihrer  Minimalleistung  haben, 
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dass  sie,  alle  auf  dieses  Minimum  eingestellt,  auch  ein  Minimum  des 
Stoffwechsels  des  ganzen  Organismus  bedingen,  wahrend  jede  noch 
so  geringe  Vermehrung  der  Tatigkeit  in  einem  beliebigen  Organ 
einen  Zuwachs  im  O-Konsum,  der  Kohlensiiureausscheidung,  der 
Mehrerzeugung  von  Warme  liefern.  Ich  kann  nicht  finden,  dass 
diese  Anschauung  einwandsfrei  bewiesen  ware,  solange  man  selbst 
bei  manchen  Organen  annehmen  muss,  dass  sie  mehreren  Funktionen 
dienen,  welche  nicht  alle  gleichzeitig  im  Korper  beansprucht  werden, 
kann  es  sich  auch  um  eine  innere  Kompensation  der  Tatigkeit,  also 
um  das  Brachliegen  von  Zellgruppen  handeln,  wahrend  andere  ihre 
Tatigkeit  vermehren.  Ebenso  ist  sicher  auf  Grund  der  Blutfulle 
eines  Organes  haufig  eine  Blutabnahme  in  anderen  verhanden, 
sodass  auch  dabei  durch  Kompensation  im  Organismus  nach  aussen 
hin  die  wahre  Leistung  vermindert  oder  ganz  verdeckt  erscheint. 

Man  hat  auch  andere  Hypothesen  zur  Erklarung  der  spezifisch 
dynamischen  Wirkung  aufgestellt.  Zuntz  hat  fruher  namentlich  an 
der  Hypothese  einer  mechanisch  gedachten  Darmarbeit  festgehalten 
und  sie  dann  ahnlich  erweitert  wie  dies  in  meiner  Kompensations- 
theorie  alteren  Datums  geschildert  wurde,  die  natiirlich  auch  immer 
das  missliche  hatte,  dass  man  keinen  Grund  einsieht,  warum  das  an 
sich  wertvolle  Eiweiss  fiir  die  Resorption  so  enorme  Arbeitsleistung 
verursachen  sollte.  Neuerdings  hat  Zuntz  einen  alten  Gedanken  von 
Fick  aufgenommen  und  die  Aenderung  der  respirator ischen  Grossen 
beim  Tier  und  beim  Menschen  nach  Harnstoffzufuhr  gepriift,  wobei 
sehr  erhebliche  Steigerungen  der  O-Aufnahme  zutage  getreten  sind. 
Aus  diesen  Experimenten  lassen  sich  aber  so  enorme  Steigungen 
des  Kraftwechsels  ableiten,  dass  diese  weit  mehr  ausmachen,  als 
die  gesamte  spezifisch  dynamische  Wirkung  iiberhaupt.  Es  ist 
an  sich  in  hochstem  Masse  unwahrscheinlich  und  unverstiindlich, 
wenn  fiir  eine  so  untergeordnete  Funktion  wie  die  Eliminierung  von 
Harnstoff  der  Korper  soviel  Energieaufwand  notwendig  haben  sollte. 
Kiirzlich  hat  tibrigens  auch  Fangl  gezeigt,  dass  die  Niere  wahrend 
der  Tatigkeit  keinen  nennenswerten  Energieaufwand  notig  hat,  und 
dass  auch  deshalb  die  Versuche  von  Zuntz  nicht  auf  Nierenarbeit 
zuruckgefuhrt  werden  konnen.  Ich  kann  daher  nicht  finden,  dass 
eine  andere  bessere  Theorie  der  spezifisch  dynamischen  Wirkung 
meine  bisherige  Auffassung  zu  ersetzen  in  der  Lage  ware.  Der 
Ernahrung  im  Zustande  der  physikalischen  Eegulation  hatte  fiir  die 
Theorie  der  Ernahrung  im  Ganzen  genommen,  also  die  Bedeutung, 
dass  sie  zwischen  den  energetischen  Hauptprozess  und  einigen 
thermischen  Nebenprozessen  im  Organismus  zu  scheiden  erlaubt. 
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DIE  VERDAUUNGSFAHIGKEIT  UND  DIE  SPEZIFISCH  DYNAMISCHE 

WIRKUNG   DER  NAHRSTOEFE. 

By  Dr.  N.  Zuntz,  Professor  an  der  landwirtschaftlichen  Hochschule,  Berlin, 

Germany. 

Das  Thema  meines  Referats:  Work  of  Digestion  and  Specific 
Dynamic  Action  ist  in  dem  deutschen  Programm  unrichtig  wieder- 
gegeben.  Es  muss  heissen :  "  Die  Verdauungstatigkeit  und  die  spezi- 
fisch  dynamische  Wirkung  der  Nahrstoffe." 

Da  ich  personlich  auf  dem  Kongress  nicht  anwesend  sein  kann, 
mochte  ich  das  Thema  nicht  ausfiihrlich  bearbeiten,  vielmehr  nur  das 
hervorheben,  was  meine  und  meiner  Schiiler  Arbeiten  zu  seiner 
Klarung  beigetragen  haben  und  bei  dieser  Gelegenheit  gewisse 
irrtiimliche  Deutungen,  welche  meine  Arbeiten  erfahren  haben,  be- 
richtigen. 

Als  ich  im  Jahre  1877  im  Verein  mit  von  Mering 1  den  Einfluss  der 
Nahrungszuf  uhr  auf  die  Oxydationsprozesse  im  Tierkorper  zu  unter- 
suchen  begann,  hatte  man  von  einer  Vertretung  der  Nahrstoffe  im 
Verhaltnis  ihrer  Verbrennungswarme  keine  einigermassen  prazise 
Vorstellung.  Man  beachtete  vor  alien  Dingen  jene  Ergebnisse  der 
Pettenkofer-Voitschen  Respirationsversuche,  welche  sehr  erhebliche 
Unterschiede  in  der  Kohlensaureproduktion  bei  verschiedener  Ernah- 
rung  aufgewiesen  hatten.  Wie  wenig  die  Vorstellung,  dass  ein  neu 
zugefiihrtes  Nahrungsmittel  die  Rolle  anderer  vorher  umgesetzter  im 
Stoffwechsel  ubernehme,  Gemeingut  der  Physiologen  war,  geht  unter 
anderem  aus  den  Fragestellungen  hervor,  welche  den  Arbeiten  des 
Ludwigschen  Laboratoriums  aus  jener  Zeit  zu  Grunde  lagen.  Unter 
Benutzung  des  speziell  durch  Kowalewsky  ausgearbeiteten  Respira- 
tionsapparates  fiir  kleine  Tiere  liess  Ludwig  durch  seine  Schiiler  die 
Frage  untersuchen,  welche  Nahrstoffe  bei  Zufuhr  ins  Blut  im  Orga- 
nismus  verbrannt  wiirden.  Er  glaubte,  dass  nur  solche  Stoffe  der 
Verbrennung  unterliegen,  nach  deren  Zufuhr  der  Sauerstoffver- 
brauch  anstieg.  Er  dachte  also  nicht  an  eine  Vertretung  von  Ivor- 
perbestandteilen  durch  den  neu  zugefiihrten  Stoff,  sondern  an  eine 
richtige  Luxuskonsumption  desselben.  In  dieser  Weise  kam  Schere- 
metjewsky  zu  dem  Schluss,  dass  milchsaures  Natron  im  Blute  ver- 
brannt werde,  denn  nach  seiner  Zufuhr  stieg  der  Sauerstoifverbrauch, 
dass  aber  Zucker  nicht  oxydiert  werde,  weil  seine  Zufuhr  ins  Blut 
keine  Steigerung  des  Sauerstoffverbrauchs  zur  Folge  hatte.  Man 
nahm  daher  an,  dass  der  Zucker  erst  irgend welche  Umwandlung  im 
Verdauungsapparat  erfahren  miisse,  ehe  er  im  Korper  oxydiert 
wiirde.  Bei  der  Nachpriifung  dieser  Arbeiten  fanden  von  Mering 
und  ich,  dass  auch  milchsaures  Alkali,  wenn  es  in  vorsichtiger  Weise 
in  die  Blutbahn  gebracht  wird,  den  Sauerstoffbedarf  nicht  nennens- 
wert  steigert,  dass  es  sich  also  in  der  Hinsicht  ahnlich  wie  Zucker 
herhalt.     Dass  die  intravenos  zugefiihrten  Stoffe  oxydiert  wurden 
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konnten  wir  aber  mit  Sicherheit  feststellen  dadurch,  dass  sich  der 
respiratorische  Quotient  in  clem  Sinne  andert,  wie  bei  Verbrennung 
der  eingefiihrten  Substanz  erwartet  werden  tnusste.     \ur  bei  weni- 

gen  Nahrstoffen,  insbesondere  bei  den  Produktcn  der  Magenver- 
dauung  des  Fibrin  konnten  wir  eine  erhebliche  Steigerung  der  Ver- 
brennimgsprozesse  auch  bei  intravenoser  Zufuhr  nachweisen.  Die- 
selben  Stoffe,  welche  intravenos  zugefiihrt  ohne  Steigerung  des 
Sauerstoffverbrauchs,  also  im  wesentlichen  auch  ohne  einen  erhohten 
Energieumsatz  verbrannt  wurden,  bewirkten  eine  Steigerung  des 
Verbrauchs,  wenn  sie  auf  dem  natiirlichen  Wege  durch  den  Magen 
gegeben  wurden.  Hieraus  schlossen  wir,  dass  die  Verdauung  mit 
einer  Steigerung  das  Stoffwechsels  deshalb  verbunden  sei,  weil  sie 
eine  Arbeitsleistung  des  Organismus  bedeutet.  Diese  Arbeitsleis- 
tung  besteht  in  gesteigerter  Bewegung  des  Darmkanals,  erhohter 
Tatigkeit  seiner  Driisen  und,  im  Dienste  der  heirfiir  notigen  reich- 
licheren  Blutversorgung,  vergrosserter  Arbeit  des  Herzens.  Die 
Richtigkeit  unserer  Befunde,  resp.  die  Deutung  derselben  wurde 
von  Voit  energisch  bestritten,  und  ihm  schloss  sich  Rubner  an,  nach- 
dem  er  in  seinen  bertihmten  Versuchen  liber  die  Vertretungswerte  der 
Nahrstoife  gefunden  hatte,  dass  unter  gewissen  Umstanden  der  Stoff- 
wechsel  des  hungernden  Tieres  nicht  steigt,  wenn  man  ihm  eine  zur 
Erhaltung  ausreichende  Nahrungsmenge  zufuhrt,  dass  es  also  Bedin- 
gungen  gibt,  unter  denen  auch  bei  Zufuhr  der  Nahrung  per  os  die- 
selbe  Konstanz  des  Energieumsatzes  besteht,  welche  wir  bei  intrave- 
noser Zufuhr  beobachtet  hatten.  Rubner  hat  spater  selbst  sein  von 
dem  unsrigen  abweichendes  Ergebnis  dadurch  befriedigend  erkliirt, 
dass  er  zeigte,  dass  seine  hungernden  Tiere  sich  im  Zustande  der 
chemischen  Warmeregulation  befanden,  d.  h.  dass  ihr  Stoffwechsel 
behufs  Erhaltung  der  Korpertemperatur  gesteigert  war.  Diese  Stei- 
gerung wurde  nach  Nahrungszufuhr  durch  die  erhohte  Warmeproduk- 
tion,  welche  die  Verdauungsarbeit  bedingte,  unnotig  und  fiel  weg.  Als 
Rubner  spater  seine  Hunde  bei  einer  Temperatur  von  30°  C.  unter- 
suchte,  bei  welcher  keine  chemische  Warmeregulation  besteht,  fand 
auch  er  nach  jeder  Zufuhr  von  Nahrung  eine  Steigerung  der  Veibren- 
nungsprozesse,  wie  wir  sie  bei  unseren  im  warmen  Bade  gehaltenen 
Kaninchen  gefunden  hatten.  Er  schloss  sich  zunachst  unseren  An- 
schauungen  mit  geringer  Modifikation  an,  indem  er  die  Steigerung 
auf  "  Driisenarbeit "  bezog.  Spater  aber  wollte  er  deren  Bedeutung 
nicht  mehr  anerkennen,  glaubte  vielmehr,  dass  es  sich  namentlich  bei 
den  Eiweisskorpern  um  Wirkungen  handle,  welche  dadurch  zustande 
kamen,  dass  ein  Teil  der  Abbauprodukte  fiir  die  Kraftleistungen  des 
Korpers  nicht  brauchbar  sei.  Er  nannte  jetzt  diese  Wirkungen  der 
Nahrstoffe,  welche  auf  der  Unbrauchbarkeit  gewisser  Bestandteile 
fiir  dynamische  Leistungen  des  Korpers  beruhe,  "spezifisch  dyna- 
mische   Wirkungen."     Ich   glaube   durch   die   neueren,   in   meinem 
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Laboratorium  ausgefuhrten  Versuche  nachgewiesen  zu  haben,  dass 
der  Teil  der  Stoifwechselsteigenmg,  welcher  unabhangig  von  der 
Verdauungsarbeit  ist,  und  den  Mering  und  ich  zuerst  nach  intra ve- 
noser  Zufuhr  von  Eiweiss  festgestellt  haben,  auf  einer  ganzen  Reihe 
von  Ursachen  beruht,  von  denen  einige  wenigstens  jetzt  mit  Sicher- 
heit  charakterisiert  werden  konnen.  Dass  die  Arbeitsleistung  des 
Verdauungsapparates  je  nach  der  chemischen  und  mechanischen 
Beschaffenheit  der  Nahrung  eine  sehr  verschiedene  Energiemenge 
beansprucht,  konnten  wir  durch  Yersuche  iiber  die  Bedeutung  der 
mechanischen  Beschaffenheit  der  Nahrung  fur  die  Grosse  der  Ener- 
gieproduktion  nachweisen.  Tierarzt  Miiller 2  zeigte  durch  zahlrei- 
che  Respirationsversuche,  dass  dieselbe  Menge  Kohlehydrate  in  Form 
von  Starke  etwa  3  Prozent  mehr  Energie  erfordert,  als  wenn  man  sie 
als  Traubenzucker  dem  Tier  zu  fressen  gibt.  Fiir  die  Eiweisskorper 
konnte  Steck3  nachweisen,  dass  die  Nierentatigkeit  nicht  unwesent- 
lich  an  dem  durch  sie  bedingten  erhohten  Stoffwechsel  beteiligt  ist. 
Dies  zeigte  sich  darin,  dass  auch  grossere  Mengen  Harnstoff,  ebenso 
wie  Chlorn  atrium,  eine  Steigerung  der  Verbrennungsprozesse  in 
erheblichem  Umfange  sowohl  bei  Menschen  wie  bei  Ilunden  her- 
beifiihrten. 

Noch  genauer  sind  diese  Verhaltnisse  durch  Tangl 4  und  seine 
Schiller  an  kurarisierten  Tieren  studiert  worden.  Sie  bestatigen  den 
nicht  unerheblichen  Anteil  der  gesteigerten  Nierenarbeit  am  StofT- 
wechselzuwachs  nach  Eiweisskorpern,  zeigen  aber  ausserdem  eine 
eigenttimliche  Art  spezifisch  dynamischer  Wirlomg,  indem  auch  nach 
Entfernung  der  Nieren  Harnstoffzufuhr  eine,  wenn  auch  geringere, 
Steigerung  des  Stoffwechsels  bewirkt. 

Den  Einfluss  der  mechanischen  Beschaffenheit  der  Nahrung  und 
der  mit  ihr  wechselnden  Grosse  der  Arbeit  der  Darmmuskulatur 
demonstrierten  Hagemann  und  ich 5  am  Pferde,  dessen  Energie 
bedarf  proportional  der  Menge  Pflanzenfaser,  welche  das  Tier  mit 
seiner  Nahrung  aufnahm,  anstieg. 

Ahnliche  Wirkungen  beobachtete  Magnus-Levy  bei  Hunden,  denen 
er  grossere  Mengen  von  Knochen  verfutterte. 

In  jiingster  Zeit  hat  Dahm  6  dieselbe  Beziehung  zwischen  Menge 

der  Rohfaser  und  Grosse  des  Energiebedarfs  beim  Rinde  nachge- 
wiesen. 

Zu  gleichen  Ergebnissen  kam  Hagemann  und  durch  besonders 
sorgfaltig  ausgefuhrte  Untersuchungen  Ustjanzew  bei  Schafen.7 

Ein  scheinbar  wichtiges  Argument  gegen  die  Bedeutung  der 
Muskelarbeit  des  Darmes  fiir  die  Hohe  der  Umsetzungen  im  Tier- 
korper  liefer  ten  die  Untersuchungen  von  Cohnheim  am  ausge- 
schnittenen  Tierdarm,  Avelcher  bei  lebhafter  Peristaltik  nur  einen 
geringen   SauerstofFverbrauch  ergab.     Dieses  Resultat  diirfte   aber 
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damit  zusammenhangen,  dass  Cohnheims  Darme  widerstandslos 
arbeiteten.  Wie  bei  den  quergestreiften  Muskeln  nnd  wie  beim 
Herzen  muss  auch  bei  der  glatten  Muskulatur  des  Darmkanals  der 
Energieaufwand  fiir  die  Arbeit  mit  der  Belastung,  d.  h.  in  diesem 
Falle  mit  der  Schwierigkeit,  die  Inhaltsmassen  weiter  zu  bewegen, 
wachsen.  Dass  die  vom  Darm  unter  einigermassen  normaler  Belas- 
tung geleistete  Arbeit  eine  sehr  erhebliche  ist,  sieht  man  bei  der  von 
Rona  in  jiingster  Zeit  ausgebildeten  Methodik.  (Nach  einer  giitigen 
Angabe  von  Rona  leistet  1  g  Kaninchendarm  stundenlang  eine 
mechanische  Arbeit  von  60  gm  per  Stunde.  Das  muss,  wenn  die 
Verwertung  des  Sauerstoffs  fiir  die  Arbeit  ebenso  gross  ist  wie  beim 
quergestreiften  Muskel  bei  1.7  kg.  Gericht  des  menschlichen  Darmka- 
nals 150  ccm.  02-Verbrauch  pro  Stunde  bedingen.) 

Ein  weiteres  bei  der  spezifisch  dynamischen  Wirkung  der  Nahr- 
stoffe  in  Betracht  kommendes  Moment  sind  anregende  Wirkungen, 
welche  mit  der  Nahrung  aufgenommene  Stofl'e  auf  diese  oder  jene 
Zellgruppe  des  Korpers  ausiiben.  Es  sei  in  der  Hinsicht  nur  an  die 
Wirkung  der  Schilddrusensubstanz  auf  die  Oxydationsprozesse  erin- 
nert,  ferner  an  die  Wirkungen  der  Ovarialsubstanz,  welche  Loewy 
und  andere  studiert  haben.  Neu  in  dieser  Reihe  von  Tatsachen  ist 
ein  anderweit  noch  nicht  veroffentlichter  Fund,  welchen  Dr.  Schiro- 
kich  in  jiingster  Zeit  in  meinem  Laboratorium  erhoben  hat.  Er  stu- 
dierte  die  Einwirkung  von  Pentosen,  speziell  der  Arabinose,  auf 
Stoffumsatz  und  Sauerstoffverbrauch.  Bei  Hunclen  kann  Arabinose 
nur  in  massigen  Mengen  (nicht  iiber  15  g)  bei  einem  Tier  von  8  kg 
verabreicht  werden,  weil  sonst  heftiger  Durchfall  auftritt.  Unge- 
fahr  die  Halfte  der  verfiitterten  Arabinose  erschien  im  Lauf  der 
nachsten  12  Stunden  im  Harn.  Trotzdem  tritt  eine  kleine  Spar- 
wirkung  auf  den  Eiweissumsatz  ein.  Was  aber  das  Bemerkenswerteste 
ist,  der  respiratorische  Gaswechsel,  speziell  der  Sauerstoffverbrauch 
sinkt  um  etwa  5  Prozent  unter  den  Hungerwert.  Viel  frappanter 
tritt  die  durch  Arabinose  bewirkte  Herabsetzung  der  Oxydationen 
beim  gleichmassig  gefiitterten  Tiere  zu  Tage.  Es  handelt  sich  hier 
also  um  einen  Einfluss,  der  den  bisher  beobachteten  Wirkungen  von 
Nahrstoffen  der  Richtung  nach  entgegengesetzt  ist. 

1  von  Mering  u.  Zuntz :  Inwiefern  beeinflusst  Nahrungszufuhr  die  tieri- 
sclien  Oxydationsprozesse?  Pnuger's  Arch.,  15,  634,  1817,  und  ebenda,  32,  173, 
18S3;  ferner  Wolfers,  ebenda,  222;  Potthast,  ebenda,  280;  Albert  Lilienfeld, 
ebenda,  293.  In  letzterer  Arbeit  und  bei  Zuntz  Gesichtspunkte  zur  Kritik  der 
neueren  Arbeiten  auf  dem  (Jebiete  der  Ernahrung;  Landw,  Jahrbiicher  8,  65, 
1879)  sind  die  energetiscben  Gesicbtspunkte  erortert.  Itu liners  Abbandlung, 
Die  Vertretungswerte  der  bauptsacblichsten  Nahrungsstoffe  im  Tierkorper,  1SS3, 
Zeit,  fiir  Biol.,  19,  313. 

aUber  die  Verdauungsarbeit  nach  Kohlehydratnahrung  iu  ihrer  Abhangigkeit 
Verhandl.  d.  physiol.  Ges.  zu  Berlin,  10.  Dec.  1909,  abgedruckt  Medic.  Klinik, 
Bd.  28,  H.  5-6. 
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Verdauungsarbeit  und  specifiscb  dynamiscbe  Wirkung  der  Nabrungsmittel. 
Verhandl.  d.  physiol.  Ges.  zu  Berlin,  10.  Dec.  1909,  abgedruckt  Medic.  Kliuik, 
Jabrg.,  1910. 

4  Tangl :  Die  Arbeit  der  Nieren  und  die  "  spezifiscb-dynarniscbe  Wirkung " 
der  Nabrstoffe.    Biocbem.  Zeitscbr.,  Bd.  34,  H.  1. 

6  Zuntz,  Hageroann  u.  Lebniann :  Stoffwecbsel  des  Pferdes,  Berlin,  Parey,  1898. 
S.  275  ff. 

6  K.  Dabni :  Die  Bedeutung  des  macbaniscben  Teils  der  Verdauungsarbeit 
fiir  den  Stoffwecbsel  des  Rindes.     Biocb.  Zeitscb., Bd.  28,  H.  1-2. 

7  W.  Ustjanzew :  Die  energetischen  Aquivalente  der  Verdauungsarbeit  bei  den 
Wiederkauern.     Biocbem.  Zeitscbr.,  Bd.  37. 


THE  INFLUENCE  OF  THE  INGESTION  OF  FOOD  UPON  METABOLISM. 

Dr.  Feancis  G.  Benedict,  Director  of  tbe  Nutrition  Laboratory,  Carnegie 

Institution. 

Experimenters  are  uniformly  agreed  upon  the  observed  fact  that 
following  the  ingestion  of  food  there  is  an  increased  metabolism  as 
measured  either  directly  by  the  heat  production  or  indirectly  by  the 
gaseous  exchange.  The  cause  of  this  increased  heat  production  is 
capable  of  several  interpretations.  Based  upon  a  series  of  experi- 
ments made  with  his  assistant  v.  Mehring,  the  experiments  of  Loewy 
on  the  ingestion  of  purgatives,  and  particularly  his  long  experience 
with  the  digestion  of  ruminants,  Zuntz  has  naturally  been  led  to 
the  belief  that  the  explanation  is  almost  wholly  due  to  that  of  the 
mechanical  work  of  the  digestive  processes,  although  not  to  the  abso- 
lute exclusion  of  other  processes.  On  the  other  hand  Kubner's  ex- 
perience maintains  that  there  is  a  heat  production  per  se,  a  "  luxus  " 
combustion  that  does  no  good,  free  heat  unavailable  to  the  cells,  and 
without  attempting  to  explain  how  this  takes  place,  he  terms  this 
peculiar  heat-producing  property  of  the  food  its  specific  dynamic 
action.  Finally  there  is  the  hitherto  little  recognized  opinion  ex- 
pressed by  Friedrich  Miiller x  to  the  effect  that  there  is  absorbed  out 
of  the  food  certain  substances  which  are  carried  by  the  blood  to  the 
cells  and  there  stimulate  the  cells  to  a  greater  metabolic  activity. 

The  first  two  of  these  views  have  provoked  critical  discussion  on 
the  part  of  both  Zuntz  and  Rubner  and  many  of  their  coworkers  and 
former  students  for  a  good  many  years.  The  view  of  Friedrich 
Miiller  has,  I  believe,  received  less  attention.  This  is  perhaps  not 
surprising  in  that  Miiller  set  forth  his  view  in  a  somewhat  inacces- 
sible publication.  Three  years  later  Miiller  in  v.  Leyden's  Hand- 
buch  did  not  emphasize  the  explanation  on  the  basis  of  specific 
stimuli  to  katabolism,  thus  suggesting  that  Miiller  himself  had  not 
appreciated  fully  the  significance  of  his  earlier  suggestion. 

The  evidence  used  for  the  evaluation  in  this  paper  of  these  several 
conceptions  is  based  almost  exclusively  upon  experiments  made  upon 
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men  in  the  nutrition  laboratory  of  the  Carnegie  Institution  in 
Boston. 

The  hypothesis  that  the  increase  in  metabolism  following  the  in- 
gestion of  food  was  due  to  increased  digestive  work,  peristaltic  action, 
intestinal  activity,  etc.,  was  apparently  strongly  substantiated  by  the 
experiments  of  Loewy  in  Zuntz's  laboratory,  in  which  the  intense 
purgative  action  of  sodium  sulphate  with  its  increased  attendant 
peristaltic  activity  was  studied  with  men.  These  experiments,  which 
have  been  widely  cited  by  the  Zuntz  school  and  others,  apparently 
demonstrated  that  sodium  sulphate,  a  nonoxidizable  substance,  pro- 
voked great  peristalsis,  which  was  accompanied  by  a  greatly  in- 
creased metabolism,  as  measured  by  the  carbon  dioxide  output  and 
oxygen  intake. 

To  study  the  effect  of  the  ingestion  of  a  food  or  the  effect  of  the 
ingestion  of  a  purgative,  it  is  first  necessary  to  establish  a  base  line 
in  which  the  metabolism  is  determined  under  conditions  which  may 
be  stated  to  be  approximately  normal  and  constant,  and  then,  after 
superimposing  the  factor,  if  the  measurements  of  metabolism  made 
during  the  second  period  are  to  have  any  quantitative  value,  the 
fundamental  assumption  must  be  made  that  the  basic  metabolism 
would  have  remained  the  same  during  this  period.  Inasmuch  as 
the  basic  metabolism  is  dependent  to  a  very  large  part  upon  the 
muscular  activity  of  the  subject,  it  is  essential  that  the  muscular 
activity  should  remain  constant  throughout  the  whole  experiment. 

During  the  30  years  which  have  elapsed  since  Loewy's  experiments 
the  need  for  constant  muscular  activity  throughout  the  entire  experi- 
ment has  attracted  increasing  attention  with  succeeding  decades, 
until  at  the  present  date  it  may  be  safely  stated  that  each  gaseous 
metabolism  experiment  to  be  of  value  should  consist  of  two  parts, 
each  of  equal  value  and  either  of  no  value  without  the  other,  namely, 
a  record  of  the  chemical  observations  wTith  regard  to  the  oxygen  con- 
sumption and  carbon  dioxide  production  on  the  one  hand  and  a 
graphic  record  of  the  muscular  activity  accompanied  by  pulse  and 
respiration  rates  of  the  subject  or  animal  on  the  other.  Under  these 
circumstances,  therefore,  it  can  be  laid  down  as  a  fundamental 
assumption  that  all  factors  affecting  the  measurement  of  the  metabol- 
ism must  be  the  same  in  both  periods  save  the  influence  of  the 
superimposed  factor.  When  working  with  men  they  must  have  the 
same  degree  of  muscular  activity,  they  must  be  either  asleep  in  both 
periods  or  awake  in  both  periods,  and  obviously  in  judging  of  the 
value  of  a  series  of  experiments  that  have  been  used  to  so  strengthen 
the  mechanical  view  of  the  importance  of  digestive  work  we  must 
question  as  to  whether  or  no  in  Loewy's  experiments  these  factors 
were  properly  considered. 
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A  repetition  of  these  experiments  with  modern  technique  and  with 
extreme  caution  and  regard  to  the  muscular  activity  in  both  periods 
led  to  a  complete  refutation  of  the  views  advocated  by  Loewy, 
namely,  that  the  increased  peristalsis  as  produced  by  sodium  sul- 
phate resulted  in  an  increased  metabolism,  and  although  the  amount 
of  sodium  sulphate  ingested,  as  it  was  in  Loewy's  case,  was  of  suffi- 
cient quantity  to  produce  intense  peristalsis,  an  irresistible  desire  to 
defecate,  which  ultimately  concluded  the  experiment,  yet  even  under 
these  conditions  there  was  no  measurable  increase  in  metabolism. 

In  the  belief  that  when  the  intestine  is  full  of  partly  digested 
food  products  and  epithelial  debris  the  amount  of  mechanical  work 
thereby  incurred  might  be  greater  than  that  involved  in  several 
powerful  peristaltic  waves,  experiments  were  made  in  which  rela- 
tively large  amounts  of  agar-agar  were  ingested,  thus  producing  a 
balky,  voluminous  stool.  The  agar-agar  being  practically  nonoxi- 
dizable,  there  was  no  great  complication  due  to  the  combustion  of 
carbohydrate  from  the  agar-agar.  With  the  agar-agar  it  is  reason- 
able to  assume  that  there  must  have  been  an  extensive  segmentation 
process  as  well  as  peristaltic  waves.  But  even  under  these  conditions 
in  the  ideally  controlled  experiments  there  was  absolutely  no  in- 
crease in  metalbolism.  In  so  far,  then,  as  the  experiments  on  men 
show  with  controlled  conditions,  the  work  of  peristalsis  and  prob- 
ably of  segmentation  is  not  sufficient  to  be  measured  in  the  great 
daily  energy  transformation  of  the  body.  It  is  impossible  to  think 
of  muscular  activity  of  any  kind  taking  place  without  some  slight 
increased  metabolism,  but  the  amount  involved  in  intestinal  activity 
must  be  so  small  as  to  be  entirely  negligible  in  the  extensive  energy 
transformations  for  body  maintenance. 

In  an  uncompleted  research  carried  out  with  Dr.  Joseph  H.  Pratt 
we  have  been  studying  the  influence  of  deficient  pancreatic  secretion 
and  its  resultant  decreased  absorption  of  protein  and  fat  upon  the 
total  metabolism  following  the  ingestion  of  food.  Two  dogs  with 
atrophied  pancreas  were  employed.  The  carbon  dioxide  excretion 
was  determined  first  without  food  and  then  after  the  ingestion  of  500 
to  1,000  grams  of  meat.  There  was  an  increased  metabolism,  to  be 
sure,  but  if  the  intestinal  mechanical  work  was  the  greatest  contribu- 
tion to  this  increase,  there  should  have  been  a  very  much  greater 
metabolism,  due  to  the  fact  that  these  dogs  had  deficient  absorption, 
and  there  was  a  passage  of  a  large  mass  of  fecal  material  through  the 
intestines,  much  larger  than  with  normal  dogs.  While  the  series  of 
experiments  is  not  yet  completed,  the  evidence  all  points  strongly  to 
the  fact  that  not  only  is  the  increase  in  metabolism  following  meat 
feeding  no  greater  than  with  normal  dogs,  but,  as  a  matter  of  fact, 
there  would  seem  to  be  a  somewhat  less  increase  in  metabolism  than 
with  normal  dogs.     The  experiments,  however,  are  complicated  by 
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the  fact  that  the  normal  dogs  remain  somewhat  more  quietly  than 
do  the  depancreatized  dogs,  since  with  the  voluminous  stools  the  lat- 
ter must  of  necessity  defecate  several  times  in  24  hours,  and  this 
produces  some  discomfort  and  there  is  extraneous  muscular  activity. 
It  is  seen,  however,  that  all  the  extraneous  muscular  activity  inci- 
dental to  defecation  and  moving  about  the  cage  tends  to  increase  the 
total  heat  production  of  the  depancreatized  dogs  above  that  of  the 
normal  dogs.  As  a  matter  of  fact,  even  with  this  extraneous  muscu- 
lar activity,  the  total  increased  metabolism  is  not  only  no  greater 
with  the  depancreatized  dogs  than  the  normal  dogs,  but  apparently 
somewhat  less. 

The  difficulties  of  computing  the  heat  production  from  the  carbon 
dioxide  excretion  in  dogs  with  deficient  pancreatic  secretion  are  such 
as  to  make  direct  oxygen  determinations  desirable,  and  a  research  is 
now  in  progress  with  this  in  mind.  All  the  evidence  is,  however,  to 
the  effect  that  the  passage  of  a  large  amount  of  undigested  food 
through  the  intestinal  tract  of  the  depancreatized  dogs  is  not  accom- 
panied by  an  increased  metabolism  at  all  proportional  to  that  found 
after  the  ingestion  of  a  similar  amount  of  food  with  normal  dogs  of 
the  same  size.  Under  these  conditions,  therefore,  it  seems  that  the 
mechanical  theory  of  the  increased  heat  production  following  the 
ingestion  of  food  must  in  large  part  fall  to  the  ground.  That  theoret- 
ically at  least  there  should  be  an  increase  in  metabolism  with  every 
muscle  contraction  no  one  can  deny,  but  that  this  increased  metabo- 
lism, i.  e.,  from  intestinal  activity,  can  be  sufficient  when  pooled  with 
all  the  other  body  processes  to  play  any  important  role  in  accounting 
for  the  increase  in  metabolism  following  the  ingestion  of  food  is 
highly  improbable. 

We  must  dissent  from  Rubner's  view  of  a  free  heat  liberation  that 
does  not  benefit  the  cells,  since  it  is  a  fact  that  experiments,  both  on 
dogs  and  on  men,  show  that  following  the  ingestion  of  food  there  is 
an  increased  muscle  tonus,  as  indicated  by  the  pulse  rate  and  fre- 
quently by  the  respiration  rate,  showing  that  the  animal  is  living  on 
a  higher  metabolic  plan  than  formerly.  Even  if  all  extraneous  mus- 
cular activity  is  precluded  by  using  trained  subjects  there  is,  follow- 
ing the  ingestion  of  food,  a  great  increase  in  the  pulse  rate  and  general 
muscular  tonus,  in  other  words  one  may  say  that  internal  muscular 
activity  is  considerably  increased. 

The  increased  heat  is  thus  a  product  of  cell  action  and  the  question 
as  to  its  economic  value  acquires  a  new  significance.  A  man  asleep 
with  lowest  heat  production  is  of  little  value  to  the  world,  awake  with 
no  external  muscular  activity  he  has  increased  internal  activity  and  is 
capable  of  intellectual  life.  Sitting  up,  standing,  working,  all  call 
for  cumulative  muscular  or  cellular  activity,  and  hence  the  cells  are 
increasingly  used.     Can  we  say  that  a  cellular  activity  representing 
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the  difference  between  asleep  and  awake  is  not  of  value  ?  Similarly 
the  increased  tonus  of  the  body  following  the  ingestion  of  food  may 
be  of  distinct  economic  value.  Certainly  there  is  increased  cellular 
activity  and  the  question  as  to  the  value  of  the  increased  heat  becomes 
an  economic  as  well  as  a  physiologic  one. 

In  judging  of  the  physiological  value  of  a  moderately  increased 
metabolism  we  must  not  overlook  the  fact  that  a  temperature  rise 
accompanies  the  increased  metabolism.  The  stimulation  of  the  re- 
spiratory center  and  the  increase  in  extensibility  of  muscle  by  rise  in 
body  temperature  are  results  worthy  of  serious  thought.  Further- 
more Barcroft  and  King  have  demonstrated  the  increased  dissocia- 
tion of  oxyhemoglobin  by  rise  in  temperature.  They,  as  well  as 
Pembrey,  consider  a  moderate  rise  in  temperature  as  distinctly 
beneficial  to  the  body. 

For  a  number  of  years,  in  conjunction  with  my  associate,  Mr.  T. 
M.  Carpenter,  the  influence  of  the  ingestion  of  food  on  gross  metabo- 
lism has  been  an  object  of  experimental  study.  The  earlier  experi- 
ments were  planned  in  that  a  subject  should  enter  the  respiration 
chamber  after  a  given  meal  and  there  should  be  a  study  of  the  total 
metabolism,  including  the  heat  production  and  gaseous  exchange,  for 
four  consecutive  2-hour  periods.  These  experiments  showed  in  com- 
mon with  those  of  all  other  observers  that  with  the  ingestion  of 
practically  all  kinds  of  foodstuffs  there  was  an  increased  metabolism, 
and  that  there  were  marked  differences  in  the  degree  of  intensity 
of  metabolism,  dependent  upon  the  kind  of  foodstuffs.  We  found, 
as  usual,  the  most  prolonged  rise  to  follow  the  ingestion  of  protein, 
but  contrary  to  Zuntz,  we  found  likewise  great  increases  after  the 
ingestion  of  carbohydrates.  With  the  development  of  a  special 
respiration  apparatus,  it  became  possible  to  study  the  effect  of  the 
influence  of  the  ingestion  of  food  in  short  periods,  and  since  the  re- 
search has  been  moved  to  the  new  laboratory  in  Boston,  practically 
all  of  the  experiments  have  been  in  connection  with  the  small  res- 
piration apparatus,  with  which  15-minute  experiments  can  be  made 
rapidly  succeeding  each  other  and  thus  the  qualitative  changes  in  the 
intensity  of  the  metabolism  quickly  noticed.  Upon  the  ingestion  of 
100  grams  of  the  various  sugars,  both  mono  and  disaccharids,  it  was 
found  that  the  several  carbohydrates  differed  considerably  in  their 
effect  upon  metabolism.  Thus  dextrose  showed  the  least  action,  there 
being  but  a  slight  increase  in  the  oxygen  consumption.  On  the  other 
hand  levulose,  which  is  chemically  so  closely  allied  to  dextrose,  pro- 
duced very  much  greater  increase  in  metabolism.  Cane  sugar  like- 
wise stimulated  metabolism  greatly. 

While  the  stimulation  after  the  ingestion  of  protein  was  much 
greater  than  after  the  ingestion  of  carbohydrates,  the  body  reacted 
much  more  quickly  to  carbohydrates  than  it  did  to  protein. 
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Some  recent  experiences  with  diabetics  and  with  normal  indi- 
viduals under  conditions  of  acidosis  lead  strongly  to  the  belief  that 
the  presence  of  acid  stimulates  metabolism  enormously.  In  con- 
junction with  Dr.  Joslin  we  have  found  that  diabetics  when  under 
conditions  of  severe  acidosis  have  a  much  higher  metabolism  than 
when  the  acidosis  is  mild,  and  indeed,  although  we  can  at  present 
state  only  that  the  high  acidosis  is  coincidental  with  the  high  metabol- 
ism, it  is  probable  that  the  high  acidosis  may  be  the  primary  cause 
of  the  high  metabolism.  Similarly  with  normal  individuals,  when 
subsisting  upon  a  carbohydrate-free  diet,  there  is  developed  an 
acidosis  which  results  in  a  very  highly  increased  metabolism.  Sin- 
gularly enough,  normal  individuals,  and  indeed  diabetics,  indicate  a 
tendency  toward  a  tolerance  for  the  presence  of  these  acids,  inas- 
much as  the  extremely  high  metabolism  following  the  rapid  onset 
of  acidosis  decreases  somewhat  as  the  acidosis  continues,  and  with 
diabetics^it  is  possible  to  have  a  very  high  percentage  of  (2-oxybutyric 
acid  in  the  urine  with  a  metabolism  although  above  normal,  not  pro- 
portionately as  much  above  normal  as  would  be  expected  from  the 
amount  of  acid  present.  The  great  significance  in  this  connection 
is  the  fact  that  the  rapid  withdrawal  of  carbohydrates  from  dia- 
betics who  have  had  free  diet  may  produce  an  acidosis  which  is  so 
severe  as  to  lead  into  coma,  although  the  actual  amount  of  g-oxybu- 
tyric  acid  present  in  the  body  and  excreted  in  the  urine  is  by  no 
means  as  great  as  in  longer  cases  of  diabetics  who  have  become  more 
tolerant  to  it. 

Of  particular  interest  is  the  experiment  made  with  a  severe  dia- 
betic in  which  after  administration  of  100  grams  of  levulose  there 
was  a  noticeable  increase  in  both  carbon  dioxide  production  and 
oxygen  consumption,  and  singularly  enough  there  was  not  the 
slightest  alteration  in  the  respiratory  quotient,  showing  that  the  in- 
creased metabolism  was  due  totally  to  a  combustion  of  materials 
other  than  the  ingested  carbolvydrates.  The  low  respiratory  quo- 
tient of  0.69  was  maintained  throughout  the  entire  test,  although 
the  metabolism  at  times  increased  nearly  30  per  cent  of  that  before 
taking  the  sugar.  Since  throughout  the  whole  period  the  subject, 
who  was  an  ideal  one,  lay  absolutely  quiet  without  an  extraneous 
muscular  movement  of  any  kind,  it  can  be  seen  that  the  increase  in 
metabolism  could  not  be  ascribed  to  external  muscular  activity. 

These  experiments,  therefore,  lead  us  to  the  belief  that  there  are 
absorbed  out  of  the  food,  substances  which,  carried  by  the  blood, 
stimulate  the  cells  to  greater  metabolic  activity,  and  at  this  date,  13 
years  later  than  the  original  statement  by  Friedrich  Miiller,  all  we 
can  add  is  that  the  substances  absorbed  are  probably  "of  an  acid 
nature. 
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The  amino  acids  of  protein  intermediary  metabolism,  the  glu- 
curonic and  similar  acids  of  the  carbohydrate-  and,  indeed,  pro- 
tein- intermediary  metabolism  and  the  g-oxybutric  acid  of  the 
intermediary  fat  metabolism,  may  each  in  proportion  to  the  degree 
of  formation  stimulate  the  activity.  Since  experimental  evidence  is 
to  the  effect  that  the  sugars  react  in  increasing  activity  in  the  fol- 
lowing order,  dextrose,  saccharose,  and  levulose,  the  asymmetric 
carbon  atom,  the  ketone  group,  and  the  aldehyde  group  may  each  or 
all  play  a  role  in  determining  the  degree  of  stimulation  of  the  acid. 
The  amount  of  experimental  work  suggested  by  these  preliminary 
observations  should  lead  ultimately  to  definite  information  regard- 
ing the  molecular  fragments  in  the  foodstuffs  responsible  for  the 
specific  katabolic  stimuli. 

1  Volkinann's  Samrnlung  Klinischer  Vortrage  in  1900. 


THE  INFLUENCE  OF   FOODSTUFFS   AND   THEIR   CLEAVAGE  PROD- 
UCTS UPON  HEAT  PRODUCTION. 

By  Dr.   Graham  Lusk,   Professor  of  Physiology,   Cornell  University   Medical 

College,  New  York  City. 

Carl  Yoit  believed  that  abundant  food  increased  the  power  of  the 
cells  to  metabolize  materials  brought  to  them.  Zuntz  has  held  that 
the  work  of  the  intestinal  tract,  or  "  Darmarbeit,"  was  the  real  cause 
of  the  increase  in  metabolism  after  food  ingestion.  Voit  took  the 
ground  that  since  the  increase  in  metabolism,  which  followed  the 
ingestion  of  meat  in  large  quantity,  was  as  great  as  that  incident  to 
the  production  of  much  mechanical  energy,  therefore  "  Darmarbeit " 
could  not  be  the  determining  factor.  Eubner  has  given  many  rea- 
sons against  the  view  that  intestinal  work  plays  a  considerable  part 
in  the  increased  metabolism  after  giving  food,  and  Benedict  has 
recently  demonstrated  that  neither  the  production  of  diarrhea  with 
saline  cathartics,  nor  the  intestinal  work  developed  after  giving  non- 
absorbable agar-agar  have  any  influence  upon  the  heat  production. 

Eubner  believes  that  there  is  a  fixed  requirement  of  energy  neces- 
sary to  maintain  life.  This  quantity  of  energy  may  be  furnished  in 
the  fasting  organism  by  materials  derived  from  the  body  itself.  On 
giving  food  the  foodstuffs  are  variously  transformed  with  the  evolu- 
tion of  heat  until  they  are  converted  into  materials  which  are  avail- 
able for  use  for  the  support  of  vital  phenomena.  These  transformed 
materials  may  then  be  used  in  isodynamic  replacement  of  the  mate- 
rials oxidized  "in  fasting.  The  heat  evolved  in  the  production  of 
these  metabolizable  compounds  is  added  to  the  heat  produced  in  sup- 
port of  the  vital  processes,  and  the  total  heat  production  is  therefore 
raised  above  that  of  starvation. 
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The  increase  in  heat  production  brought  about  by  each  foodstuff 
is  different,  and  this  power  of  each  foodstuff  is  specific,  hence  Ilubner 
has  used  the  characterization,  "specific  dynamic  action." 

It  may  be  further  stated  that  Magnus-Levy  remarked  in  an  early 
paper  that  protein  might  act  as  a  stimulus  to  metabolism,  although 
he  also  added  that  there  was  nothing  in  his  results  to  contradict  the 
idea  of  Zuntz  that  intestinal  work  was  the  main  cause  of  the  increased 
heat  production. 

The  construction  of  a  respiration  calorimeter  by  H.  B.  Williams 
which  can  measure  the  carbonic-acid  outgo,  the  oxygen  intake  and 
the  heat  production  of  a  sleeping  or  resting  dog  in  hourly  periods, 
has  afforded  the  opportunity  to  uncover  some  new  facts  which  throw 
new  light  upon  the  results  heretofore  obtained.  These  facts  appear 
to 'demonstrate  (1)  that  the  increase  in  metabolism  after  protein 
ingestion  is  due  to  the  stimulus  of  certain  amino-acids  acting  on 
protoplasm  and  (2)  that  the  increase  in  metabolism  after  giving 
sugar  and  fats  is  due  to  the  increase  of  these  metabolites  in  the  blood 
stream. 

The  experiments  were  performed  on  quiet  or  sleeping  dogs  at  an 
environmental  temperature  of  27°. 

The  subject  of  protein  metabolism  will  be  first  considered.  A  dog 
whose  basal  metabolism  was  22.3  calories  per  hour  was  given  1,200 
grams  of  meat.  During  the  second  hour  the  heat  production  rose 
to  36  calories  and  during  the  third  to  42.  The  heat  production  was 
maintained  above  40  calories  per  hour  through  the  tenth  hour. 
From  this  point  it  gradually  declined  to  25  calories  in  the  twenty- 
first  hour.  The  increased  metabolism  was  proportional  to  the  in- 
crease of  nitrogen  elimination  in  the  urine  except  during  the  second 
and  third  hours.  In  the  second  hour  the  metabolism  rose  almost  to 
its  maximum  although  the  urinary  nitrogen  reached  only  a  third  of 
its  maximum.  Since  the  nonprotein  respiratory  quotient  during  this 
second  hour  was  often  above  0.9  it  appears  that  carbohydrate  and  not 
additional  protein  was  oxidized.  On  one  day,  when  TOO  grams  of 
meat  were  given  to  the  same  dog,  the  specific  dynamic  action  for  the 
second  hour  calculated  on  the  basis  of  the  increase  in  the  urinary 
nitrogen  excretion  was  139,  and  for  the  third  hour  it  was  10G.  In 
other  words  the  increase  in  the  heat  production  of  the  time  was 
greater  than  could  have  been  derived  from  the  extra  metabolism  of 
protein  during  these  hours.  These  facts  indicate  that  incoming 
amino-acids  stimulate  protoplasm  to  higher  oxidation.  This  is  more 
readily  understood  in  the  light  of  the  recent  experiments  of  Folin 
who  has  shown  that  if  amino-acids  are  given  they  are  absorbed  and 
appear  in  the  blood  and  muscle  during  the  first  hour  after  their  ad- 
ministration, but  that  there  is  no  urea  formation  until  the  second 
hour. 
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It  was  noted  incidentally  that  after  giving  1,200  grams  of  meat 
there  was  a  large  retention  of  carbon  from  the  protein  metabolized. 
The  oxygen  absorption  of  the  period  was  such  as  to  demonstrate 
that  this  carbon  was  retained  in  the  form  of  dextrose.  The  produc- 
tion of  dextrose  from  protein  is  therefore  a  normal  function. 

The  next  step  was  to  give  amino-acids  themselves. 

If  Rubner's  idea  that  protein  could  be  of  dynamic  value  to  the 
organism  only  in  so  far  as  it  was  convertible  into  dextrose,  be  cor- 
rect, then  25  grams  of  glycocoll  or  20  grams  of  alanin  which  are  com- 
pletely convertible  into  20  grams  of  dextrose  in  the  phlorizinized 
dog  should  affect  normal  metabolism  in  the  same  way  as  do  20  grams 
of  dextrose.  If  glutamic  acid  were  given  it  might  show  a  "specific 
dynamic  action,"  for  only  three  of  its  five  carbon  atoms  are  con- 
vertible into  dextrose,  while  two  on  oxidation  might  yield  free  heat. 
Also  tyrosin  with  its  many  cleavages  before  it  reaches  a  stage  for 
use  by  the  cells  might  show  a  pronounced  effect. 

The  amino-acids  were  given  under  definitely  comparable  condi- 
tions. It  was  found  that  a  dog  which  received  a  standard  diet  at 
6  p.  m.  produced  16.2  calories  per  hour  between  noon  and  3  o'clock 
the  next  day.  Giving  a  soup  made  with  2  grams  of  Liebig's  extract 
of  beef  at  noon  did  not  change  this  result,  although  it  is  known 
that  Liebig's  extract  powerfully  stimulates  the  secretive  activity  of 
the  gastric  and  pancreatic  glands. 

The  various  amino-acids  were  given  with  2  grams  of  Liebig's 
extract  at  noon.  Although  20  grams  of  glucose  increased  the  metab- 
olism only  during  the  second  hour,  and  only  by  2.4  calories,  show- 
ing a  specific  dynamic  action  of  3.2,  it  was  found  that  25  grams  of 
glyocoll  produced  an  effect  lasting  seven  hours,  caused  an  increased 
metabolism  of  31.3  calories  and  showed  a  specific  dynamic  action 
of  70.  That  is  to  say,  the  extra  heat  production  was  equal  to  70 
per  cent  of  the  calories  contained  in  the  glycocoll  ingested.  The 
maximum  increase  in  metabolism  was  reached  as  early  as  the  second 
hour.  During  the  first  hour  there  was  no  increase  in  the  urea  elimi- 
nation in  the  urine.  The  increase  in  the  output  of  urea  began  in 
the  second  hour,  but  was  the  equivalent  of  only  0.7  calorie  in  terms 
of  glycocoll  metabolized,  although  the  heat  production  during  this 
hour  rose  5  calories.  During  three  hours  the  metabolism  rose  15 
calories,  while  the  glycocoll  metabolism  could  be  estimated  at  only 
3  calories,  which  was  less  than  the  increased  heat  production  of  the 
second  hour  alone.  The  metabolism  of  this  same  dog  was  unin- 
fluenced after  giving  a  solution  of  urea,  hence  the  increase  is  not  in 
any  way  due  to  the  elimination  of  urea  by  the  kidney.  It  was  unin- 
fluenced after  the  ingestion  of  20  grams  of  glutamic  acid  although 
this  was  destroyed  in  the  body  as  was  evidenced  by  an  increase  in 
the  amount  of  urea  in  the  urine;  hence  the  process  of  deamination  is 
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not  concerned  in  the  increased  heat  production.  Therefore  since 
sugar  and  urea  into  which  glycocoll  is  converted  and  the  process  of 
deamination  by  which  this  conversion  is  rendered  possible  have  no 
influence  upon  the  production  of  heat,  and  since  amino-acids  accu- 
mulate in  the  blood  and  tissue  with  little  evidence  of  immediate 
metabolism,  it  seems  necessary  to  conclude  that  the  increased  heat 
production  which  follows  the  ingestion  of  glycocoll  is  due  to  the 
fact  that  glycocoll  itself  acts  as  a  stimulus  to  increased  metabolism. 

Alanin  also  acts  strongly  but  not  as  powerfully  as  does  glycocoll, 
while  leucine  and  tyrosin  show  marked  though  smaller  effects. 

The  action  of  glycocoll  and  alanin  can  not  be  due  to  sensory  stimu- 
lation of  the  stomach,  for  a  solution  of  urea  which  also  may  produce 
nausea  has  no  effect  on  metabolism.  In  these  experiments  the  dog 
betrayed  no  signs  of  nausea  but  remained  in  perfect  quiet  in  the 
calorimeter. 

A  mixture  made  up  of  5.5  grams  of  each  of  the  five  amino-acids, 
glycocoll,  alanin,  glutamic  acid,  leucin,  and  tyrosin,  showed  a  more 
rapid  absorption  than  when  each  was  given  alone  and  the  effect  on 
metabolism  was  as  pronounced  as  that  seen  after  giving  25  grams  of 
glycocoll.  It  was  greater  than  that  following  the  ingestion  of  100 
grams  of  meat  which  contained  about  the  same  amount  of  nitrogen. 

The  work  of  Rowland  has  shown  that  an  infant  7  months  old 
when  given  a  modified  milk  administered  in  six  equal  portions  dur- 
ing 24  hours  and  containing  3.58  grams  of  nitrogen  per  day  pro- 
duces during  sleep  14.91  calories  per  hour.  When  30  grams  of 
casein  were  added  to  this  diet  and  the  nitrogen  of  the  ingesta  was 
7.85  grams,  the  metabolism  of  the  sleeping"  infant  rose  to  18.81 
calories  per  hour,  an  increase  of  3.9  calories  or  2G  per  cent  more  than 
its  former  value.  The  casein  added  to  the  diet  was  the  equivalent 
of  5.5  calories  per  hour.  The  increase  in  protein  metabolism  due  to 
the  high  protein  diet  was  the  equivalent  to  2.6  calories  per  hour. 
This  increase  in  protein  metabolism  of  2.6  calories  per  hour  brought 
about  an  increase  of  3.9  calories  in  the  metabolism  of  the  sleeping 
infant.  This  is  the  only  instance  in  which  the  total  metabolism  may 
be  seen  to  be  permanently  raised  above  the  calorific  value  of  the 
extra  protein  metabolism.  The  explanation  may  lie  in  the  fact  that 
the  youthful  protoplasm  is  more  sensitive  to  stimuli  than  that  of 
the  adult.  In  dog  1,  the  basal  metabolism  was  759  calories  per 
square  meter  of  surface  in  24  hours,  in  dog  2  it  was  784,  in  a  dwarf 
19  years  old  it  was  775,  whereas  in  sleeping  infants  of  3  and  7 
months,  it  was  about  1,100.  These  results  could  be  obtained  on 
account  of  comparable  conditions  of  perfect  rest. 

As  a  conclusion,  it  may  be  stated  that  the  increase  in  metabolism 
after  the  ingestion  of  meat  is  due  to  the  mass  action  of  amino-acids 
acting  as  stimuli  upon  the  cellular  protoplasm. 
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As  regards  the  behavior  of  carbohydrate,  the  following  results, 
obtained  after  giving  50  grams  of  dextrose  in  150  cubic  centimeters 
of  water  to  the  dog,  may  be  considered  typical.  One  hour  after  the 
ingestion  of  the  dextrose  the  sugar  content  of  the  blood  is  found 
to  be  increased,  but  by  the  end  of  the  second  hour,  and  thereafter, 
it  has  returned  to  its  normal  percentage  value.  The  volume  of  the 
blood,  however,  increases  during  the  second  hour,  obviously  in 
response  to  the  osmotic  pressure  exerted  by  the  increased  sugar 
concentration.  This  increase  in  blood  volume  is  demonstrated  by 
a  fall  in  the  hemoglobin  content  of  the  blood.  During  the  second 
to  fourth  hours  after  giving  50  grams  of  dextrose  the  metabolism 
shows  an  increase  of  20  per  cent  above  the  normal  basal  value,  the 
dextrose  exerting  a  specific  dynamic  action  of  4.8.  During  the 
fourth  hour  there  is  final  absorption  of  all  the  dextrose  ingested, 
the  metabolism  remains  high,  and  the  urine,  which  has  been  scanty, 
suddenly  increases  to  100  cubic  centimeters.  At  the  end  of  the 
same  fourth  hour  the  blood-sugar  content  is  normal,  indicating  that 
during  the  withdrawal  of  water  and  the  concentration  of  the  blood 
the  liver  and  muscles  maintain  the  normal  sugar  content.  During 
the  second,  third,  and  fourth  hours  the  high  metabolism  is  accom- 
panied by  respiratory  quotients  of  about  1.00  (after  allowing  for 
the  influence  of  protein  metabolism).  However,  during  the  fifth 
hour,  when  the  metabolism  has  returned  to  its  basal  value,  a  non- 
protein respiratory  quotient  of  0.83  indicates  that  a  mixture  of  fat 
and  carbohydrate  is  being  oxidized.  The  glycogenic  function  en- 
ters into  control,  reduces  the  amount  of  carbohydrate  available  for 
combustion,  and  fat  is  oxidized  as  well. 

It  has  also  been  shown  that  ingestion  of  200  cubic  centimeters  of 
water,  of  150  cubic  centimeters  of  a  4.2  per  cent  solution  of  sodium 
chloride,  or  150  cubic  centimeters  of  an  8  per  cent  solution  of  urea 
have  no  influence  upon  the  metabolism.  It  is  therefore  concluded 
that  the  high  metabolism  after  giving  dextrose  is  not  due  to  osmotic 
changes  between  the  blood  and  the  tissues.  The  only  remaining 
hypothesis  which  appears  possible  is  that  the  increase  in  metabolism 
is  due  to  the  presence  of  a  greater  amount  of  free  diffusible  carbo- 
hydrate than  was  present  before  the  ingestion  of  dextrose.  It  is 
known  that  the  sugar  of  the  blood  behaves  as  if  it  existed  in  chemi- 
cal combination  (Loewi;  Lepine).  If  this  combining  power  over 
sugar  remains  constant,  then  when  the  blood  is  diluted,  with  coin- 
cident maintenance  of  the  normal  percentage  content  of  dextrose, 
there  would  be  an  increased  supply  of  free,  readily  oxidizable  sugar 
molecules  available  for  the  nutrition  of  the  cells.  Hence  carbo- 
hydrate alone  is  oxidized,  and  the  metabolism  rises  in  virtue  of  an 
increased  supply  of  nutriment  throughout  the  organism. 
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An  emulsion  of  olive  oil  ingested  by  the  dog  caused  an  increase 
in  metabolism,  probably  for  similar  reasons. 

The  experiments  as  to  the  behavior  of  dextrose  confirm  the  work 
of  Zuntz  and  of  Rubner  in  many  particulars,  but  they  bring  to 
light  new  points  which  show  that  the  theories  of  both  Zuntz  and 
Rubner  will  have  to  be  revised. 

The  views  here  expressed,  however,  conform  to  the  "  older  "  view 
of  Carl  Voit,  who  believed  that  the  presence  of  abundant  food  in- 
creased the  power  of  the  cells  to  metabolize. 

It  was  recognized  by  Rubner  in  his  book1  that  when  mixtures  of 
foodstuffs  were  given  the  total  heat  production  was  not  the  sum 
of  the  increases  which  each  foodstuff  would  have  brought  about 
had  it  been  given  alone,  but  was  considerably  less.  Rubner  ex- 
plained this  on  the  theory  that  the  small  amounts  of  protein  which 
were  ingested  in  the  mixed  diet  merely  replaced  that  metabolized 
in  fasting,  and  therefore  did  not  exert  a  specific  dynamic  action. 
He  added  that  he  did  not  deny  the  possibility  of  another  explana- 
tion, it  being  conceivable  that  mixtures  reacted  specifically  or  that 
one  material,  to  a  certain  extent,  took  over  the  function  of  another. 

Although  much  work  apparently  confirms  Rubner's  first  theory, 
yet  certain  facts  here  presented  have  established  another  point  of 
view. 

When  dog  2,  whose  basal  metabolism  was  16.2  calories  per  hour, 
was  given  a  mixed  diet  containing  sufficient  food  to  maintain  tho 
metabolism  for  12  hours  the  heat  production  rose  to  20.6  calories 
per  hour  during  6  hours.  Addition  of  20  grams  of  alanin  to  the 
diet  caused  no  increase  in  the  metabolism,  although  given  alone  it 
increased  the  heat  production  from  16.2  to  19.2  calories  per  hour. 
Alanin  with  the  mixed  diet  exerted  no  specific  dynamic  action. 

When  20  grams  of  glycocoll  were  added  to  the  same  mixed  diet 
the  heat  production  rose  to  22.7  calories  per  hour,  the  same  height 
to  which  25  grams  of  glycocoll  given  alone  will  raise  the  metabolism. 
The  addition  of  glycocoll  to  a  mixed  diet,  therefore,  does  not  raise 
the  metabolism  higher  than  glycocoll  given  alone  would  raise  it. 
This  affords  the  proof  of  a  reciprocity  in  the  action  of  glycocoll  and 
the  non-nitrogenous  foodstuffs. 

The  explanation  is  the  following:  Amino  acids  act  as  stimuli 
upon  the  cells,  raising  their  power  to  metabolize.  They  may  act 
instead  of  nerve  stimuli  when  increased  heat  production  is  required 
in  the  presence  of  external  cold — the  chemical  regulation  of  tem- 
perature of  Rubner.  The  energy  liberated  in  response  to  these 
stimuli  may  be  supplied  by  carbohydrate  or  fat.  When  fat  and  car- 
bohydrate are  given  separately  or  together  there  may  be  an  increased 
heat  production  on  account  of  the  increase  in  the  quantity  of  ma- 
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terials  available  for  the  nutrition  of  the  cells.  With  the  cessation 
of  absorption  and  the  return  of  the  blood  to  the  composition  it 
possessed  before  food  was  taken  the  metabolism  falls  to  its  basal 
value.  The  increased  heat  production  after  giving  carbohydrate  is 
accompanied  by  increased  movement  of  the  cell  particles,  for  when 
the  absorbed  amino-acids  are  taken  with  carbohydrate  they  encounter 
a  rhythm  of  cellular  motion  which  they  themselves  might  alone  pro- 
duce, but  to  which  they  can  not  further  contribute. 

These  results  establish  a  more  exact  conception  of  metabolism. 
One  may  conclude  that  there  are  the  following  forms  of  metabolism 
in  the  quiet  or  sleeping  dog  excluded  from  thermal  influences:  (1) 
A  basal  metabolism,  in  which  the  cells  are  nourished  by  a  blood 
stream  which  does  not  receive  food  from  the  intestinal  tract,  but 
the  composition  of  which  is  regulated  by  the  organs  of  the  body; 
(2)  a  metabolism  due  to  plethora,  induced  by  an  increased  quantity 
in  the  blood  of  carbohydrate  or  fat  metabolites  which  are  being 
absorbed  from  the  intestine;  and  (3)  a  metabolism  due  to  the 
stimulus  of  certain  incoming  amino-acids  acting  upon  the  cells.  The 
metabolism  of  plethora  and  the  metabolism  of  amino-acid  stimula- 
tion can  not  be  added  to  each  other;  there  is  no  summation  of  effect 
when  both  influences  are  brought  into  action  together.  In  other 
words,  the  rhythm  of  cellular  motion  induced  by  the  presence  of  car- 
bohydrate is  not  further  intensified  by  the  stimulus  of  amino-acids, 
unless  the  latter  alone  would  accomplish  the  result.2 

DISCUSSION. 

Karl  Langenbeck,  Boston:  Nutrition,  like  other  functions  of  the 
body,  is  rhythmic.  It  suggested  itself  to  me  three  and  a  half  years 
ago  that  some  light  might  be  thrown  on  metabolic  processes,  if  the 
rhythm  be  accentuated  by  very  gradually  lengthening  the  nutrition 
interval,  without  allowing  the  body  to  lose  weight. 

Fourteen  months  ago,  when  I  reached  taking  one  meal  every  other 
day,  there  was  a  rapid  fall  from  the  regularly  maintained  average  of 
145  pounds  to  137  pounds.  In  order  not  to  interfere  with  the  fasting 
interval,  I  took  a  lunch  three  hours  before  dinner,  which  checked  the 
loss  of  weight  and  started  a  rise.  In  February  last  I  reached  a 
practice  of  eating  every  third  day,  which  I  have  continued  since, 
taking  a  substantial  luncheon  at  1  or  2  o'clock  and  dinner  at  6; 
that  is  to  say,  food  is  taken  only  during  6  hours  of  the  72.  The  meals 
are  hearty  but  not  in  excess  of  what  a  vigorous  man  would  eat  on 
such  occasions  daily.  They  little  exceed  three  times  the  diminished 
diet  recommended  by  Chittenden  for  daily  consumption.  The  need 
for  water  during  and  immediately  after  meals  is  great.    The  average 
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weight  has  risen  in  the  past  14  months  to  154  pounds.  The  fluctua- 
tions are  surprising,  150  pounds  "  Nuchtern-Gewicht,"  rising  to  L59- 

160  pounds  an  hour  after  dinner,  when  thirst  has  abated.  One  stool 
regularly  and  copious  micturition  on  the  morning  after  eating,  when 
the  weight  falls  to  156-157  pounds,  continuing  to  do  so  regularly 
during  the  following  two  days  of  fast  to  150  pounds. 

The  sudden  increase  of  weight,  strange  to  say,  is  not  inconvenient 
or  even  felt,  due  mainly  to  absorption  of  a  large  amount  of  liquid 
into  the  cells,  for  blood  and  lymph  alone  would  hardly  stand  this 
dilution.    It  is  retained  for  14  hours  before  the  first  water  is  passed. 

The  feature  of  thirst  and  sudden  rise  in  weight  has  come  gradually. 
Two  years  ago  similar  2J-day  fasts  were  taken  weekly  with  fluctu- 
ations of  about  3  pounds.  It  would  seem  as  if  there  had  come  an 
increased  absorptive  capacity  of  the  cells.  At  that  time,  after  re- 
sumption of  eating,  no  increase  of  bodily  temperature  was  obtruded 
on  feeling;  now,  two  hours  after  the  second  meal  there  is  an  intense 
sense  of  heat  often  with  perspiration.  These  evidences  of  increasing 
metabolism  were  enforced  by  growing  physical  weakness,  breathless- 
ness  after  exercise,  and  need  of  rest,  which  came  to  a  climax  a  year 
ago  and  then  subsided  and  passed,  except  that  rest  of  12  hours'  dura- 
tion is  still  needed.  The  heat  and  unusual  need  for  water  when 
eating  are,  like  the  physical  weakness,  also  passing  phases,  the  former 
having  come  to  a  climax  about  April  and  May  and  being  now  much 
less.  The  water,  about  the  same  time,  was  largely  passed  the  next 
morning.  Now,  it  is  held  by  the  tissues  noticeably  longer,  fore- 
shadowing the  time  when  it  will  be  held  by  the  restored  protoplasm 
of  the  cells,  so  that  unusual  drinking  at  meals  will  not  be  a  need  and 
the  excessive  fluctuation  in  weight  subside. 

Not  undertaken  with  a  dietetic  aim,  but,  quite  the  contrary,  of 
studjdng  a  grossly  exaggerated  nutrition  rhythm,  the  results  promise 
to  reconcile  two  opposing  views;  von  Voit's,  that  nutrition  takes 
place  best  under  a  generous  diet  and  Chittenden's  that  one,  little 
greater  than  the  theoretical,  in  aggregate,  works  for  physiological 
economy. 

With  an  anemic  person  getting  the  system  in  balance  involves 
time,  rest,  and  severe  stress.  Increased  sensibility  and  irritation  come 
to  a  climax  and  subside  with  the  physical  prostration.  This  is  not 
the  occasion  to  speak  of  them. 

When  the  system  is  again  in  balance  a  shorter  nutrition  rhythm 
will  unquestionably  be  desirable. 

Walter  Moore  Coleman,  Washington :  The  position  taken  by  Drs. 
Benedict  and  Lusk  that  increased  metabolism  is  due  to  amino-acids 
is  in  line  with  my  explanation  of  sleep  as  due  to  increase  of  carbonic 
and  lactic  acids  in  the  blood.     My  curves  of  heart  and  lung  action  for 
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sleep,  published  in  Berlin  in  1909  by  Mayer  and  Miiller,  show  a  break 
or  lapse  or  lowering  in  respiration  just  before  sleep.  Thus  results  a 
slowed  blood  flow  and  want  of  oxygen  in  the  brain,  which  diminishes 
the  sensitiveness  of  the  cerebral  cells  to  messages  from  the  outer  world 
and  lessens  cerebral  impulses  to  the  muscles.  Unconsciousness  fol- 
lows, while  the  increase  in  carbonic,  lactic,  and  other  acids  in  the 
blood  from  lessened  oxygen  is  inciting  the  breathing  center  to  de- 
prive the  cerebrum  of  its  partial  respiratory  control  which  it  held 
during  waking;  stinted  and  surplus  breathing  cease.  The  effect  of 
these  acids  upon  the  activity  of  the  cells  in  the  spinal  bulb  is  analo- 
gous to  the  increased  cellular  activity  due  to  the  presence  of  amino- 
acids  after  the  ingestion  of  food.  I  believe  that  the  conclusions  of 
Drs.  Benedict  and  Lusk  will  prove  correct  and  the  theory  of  Prof. 
Dr.  Rtibner  incorrect.  The  position  of  Zuntz  appears  to  be  correct 
to  a  slight  extent  only. 

Prof.  Lusk:  As  regards  Prof,  von  Noorden's  view  that  the  activ- 
ity of  the  liver  contributes  largely  to  the  specific  dynamic  action,  the 
work  of  Folin  should  be  recalled.  This  shows  that  ingested  amino- 
acids  accumulate  in  the  blood  and  tissues  and  are  not  retained  and 
modified  by  the  liver.  As  regards  Prof.  Benedict's  experiments  on 
acidosis  in  diabetes,  it  has  been  shown  in  our  laboratory  that  the 
metabolism  in  phlorhizin  glycosuria  may  be  increased  50  per  cent 
above  the  basal  value  after  three  days'  continuance  of  the  glycosuria. 
During  the  first  few  hours  after  the  drug  is  given  the  metabolism 
does  not  rise,  so  that  sugar  elimination  by  the  kidney  does  not  enter 
in  as  a  factor.  Older  of  our  experiments  lead  also  to  the  conclusion 
that  the  acidosis  of  phosphorus  poisoning  is  accompanied  by  a 
largely  increased  heat  production. 

Dr.  Diesing:  Meines  Erachtens  ist  bis  jetzt  eine  Kraftquelle  bei 
alien  diesen  hochst  anerkennenswerten  Versuchen,  den  Einfluss  der 
eingef  iihrten  Nahrung  auf  den  Stoff-  und  Kraftwechsel  festzustellen ; 
namlich  die  Krafte,  die  in  Form  von  Licht  in  die  Haut  des  Organis- 
mus  eingestrahlt  werden.  Es  ist  Ihnen  Allen  bekannt,  dass  das  in 
die  Haut  eingestrahlte  Licht  in  der  Haut  Pigmente  bildet,  und  es 
ist  auch  schon  friiher  die  Furcht  angesprochen  worden,  dass  diese 
Hautpigmente  die  Vorstufe  des  Haemoglobins  darstellen.  Auf  diese 
weise  ist  die  Verknupfung  der  im  Licht  befindlichen  Kraftquelle 
mit  dem  Stoff-  und  Kraftwechsel  vorgestellt.  Ich  habe  mich  seit 
1905  mit  Versuchen  in  dieser  Richtung  beschaftigt,  und  habe  niihere 
Anfiihrungen  iiber  diese  Hypothese  und  ihre  praktische  Verwertung 
in  meinem  1908  erschienenen  Biichlein  "  Das  Licht  als  biologischer 
Faktor,  eine  Physiologie  und  Pathologie  des  Farbstoffwechsels." 
Ich  mochte  die  Tlerren,  die  such  mit  diesen  Versuchen  beschaftigen, 
bitten,  die  Kraftquelle  des  Lichtes  clabei  in  Betracht  zu  ziehen,  und 
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bin  uberzeugt,  class  denn  recht  bedeutsame  Resultate  gezeitigt  werden 
sein. 

Prof.  Dr.  Eubner:  Ich  habe  Ihrer  Versammlung  mit  grossten 
Interesse  angewohnt,  und  freue  mich,  dass  die  Frage  der  "  specific 
dynamic  action  "  durch  neue  Untersuchungen  weiter  gef  iirht  worden 
sind.  Die  Erkliirungen  der  Thatsachen  wechseln  mit  der  Zeit :  das 
ist  die  Geschichte  der  Wissenschaften.  Ich  freue  mich  constatieren 
zu  konnen,  dass  meine  alten  Untersuchungen  um  endlich  bestatigt 
worden  sind. 

1  Die  Gesetze  des  Energieverbrauchs,  p.  410. 

*  The  full  details  of  this  work  are  given  in  six  papers  on  "Animal  Calorimetry * 
Journal  of  Biological  Chemistry,  1912,  vols.  12  and  13. 
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AN  ANATOMICAL  ANALYSIS  OF  GROWTH. 

Dr.  Henry  H.  Donaldson,  The  Wistar  Institute  of  Anatomy,  Philadelphia,  Pa. 

It  is  my  purpose  to  give  an  outline  of  the  status  of  the  work  on  the 
anatomical  analysis  of  growth  and  to  include  a  few  results  as  illus- 
trations. 

Among  the  vertebrates  sufficient  data  have  been  published  to  form 
satisfactory  growth  graphs  for  the  entire  animal  between  birth  and 
maturity,  or  at  least  during  the  period  of  active  growth,  for  the  chick 
(Minot,  1908)  ;  rat,  albino  (Donaldson,  1906) ;  rabbit  (Minot,  1908) ; 
dog  (Aron,  1911)  ;  guineapig  (Minot,  1891) ;  man  (a)  Caucasian 
(Roberts,  1878,  and  others)  ;  (b)  Mongolian  (Mishima,  1904). 

For  the  graphs  of  fetal  growth  there  are  corresponding  data  for 
the  rat  (Stotsenburg  MS.)  ;  rabbit  (Fehling,  1877)  ;  pig  (Lowrey. 
1911)  ;  man,  Caucasian  (Jackson,  1909). 

These  results  say  nothing,  however,  about  proportional  changes 
within  the  growing  body. 

All  students  of  growth  have  recognized  the  need  for  an  analysis  of 
the  total  growth  into  its  components — as  represented  by  the  growth  of 
the  parts  (systems)  or  organs  of  the  body. 

These  data  are  hard  to  obtain  and  most  of  the  earlier  investigations 
on  the  anatomical  analysis  of  growth  are  unfortunately  fragmentary, 
whereby  their  usefulness  is  greatly  impaired.  Some  of  the  more 
recent  studies  are,  however,  very  instructive,  although  in  none  are  the 
observations  carried  much  beyond  the  active  growing  period. 

Bearing  on  the  growth  of  parts  of  the  body,  the  most  complete 
series  of  records  of  the  weights  of  organs  at  different  ages  after  birth 
have  been  made  for  the  dogfish  (Kellicott,  1908),  age  inferred  from 
size;  rat,  albino  (Jackson),  according  to  age  (MS.);  (Hatai),  age 
and  size  (MS.);  rat,  Norway  (Hatai),  age  and  size  (MS.);  man 
(Vierordt,  1890;  composite). 

For  the  fetal  period  there  are  the  records  for  the  pig  (Lowrey, 
1911)  ;  man  (Jackson,  1909). 

The  data  for  the  rat  have  not  yet  been  published,  while  the  other 
studies  have  been  printed  at  intervals  during  the  last  four  years. 

All  these  series  present  frequent  determinations  extending  over 
long  fractions  of  the  life  span.  The  incomplete  records,  which  are 
relatively  very  numerous,  we  pass  by  at  this  time. 
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Data  of  this  sort  have  their  uses:  (a)  For  descriptive  zoology. 
(b)  for  comparative  anatomy. 

Also  as  standards:  (c)  For  measuring  pathological  deviations, 
(d)  and  degrees  of  physiological  adaption,  (e)  also  for  the  study  of 
types  of  growth. 

We  find  at  once  a  ready  application  for  these  data  in  the  develop- 
ment of  the  osseous  system  (skull),  for  example,  under  various  pro- 
tein diets,  as  used  in  the  experiments  of  Mendel  and  Osborn,  or  types 
of  diet  as  used  by  Chalmers  Watson,  1907,  1908;  while  in  our  own 
laboratory,  by  the  aid  of  these  tables,  it  has  been  possible  to  study 
modifications  in  the  viscera  induced  by  domestication,  inbreeding, 
hybridization,  and  exercise. 

It  is  a  familiar  fact  that  the  viscera  form  but  a  small  fraction  of 
the  body  weight,  and  that,  therefore,  in  studying  the  growth  of  the 
entire  animal,  we  are  observing  mainly  those  changes  which  occur  in 
the  other  systems. 

It  is  not  easy  to  get  a  precise  expression  for  the  relative  weight  of 
the  viscera,  nor  the  change  which  this  weight  undergoes  between  birth 
(or  the  period  of  greatest  visceral  development)  and  maturity. 

The  following  tables  give  a  general  idea  of  this  relation,  however. 

Bischoff  (1863)  gives  for  man — 


Body 

eviscer- 
ated. 

Viscera. 

Visceral 
ratio. 

Per  cent. 
62.5 
83.8 

Per  cent. 
37.5 
16.2 

2.3 

1 

Vierordt  (1890)  gives— 

«. 

Body 
eviscer- 
ated. 

Viscera. 

Visceral 
ratio. 

Birth " 

Per  cent. 
76.6 
90.2 

Per  cent. 

23.4 

9.8 

2.4 

Maturity 

1 

Lowrey  (1911)  gives  for  the  pig — 

Body 
eviscer- 
ated. 

Viscera. 

Visceral 
ratio. 

Birth 

Per  cent. 
84 
92 

Per  cent. 
16 
7.8 

2 

Maturity 

1 
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In  the  albino  rat  the  maximum  relative  weight  of  the  viscera  is 
found,  not  at  birth  but  at  from  three  to  five  weeks  of  age.  Jackson 
(1912)  gives- 


Hat  ai  (MS.)  gives  for  the  albino  rat — 


Body 
eviscer- 
ated. 

Viscera. 

Visceral 
ratio. 

Birth 

Per  cent. 
82 
78.7 
86.7 

Per  cent. 
18 

21.3 
13.3 

3  weeks 

1  S 

1  year 

1 

Birth 

5  weeks  (50  grams) 
Adult  (200  grams) . 
Adult  (400  grams). 


Body 

eviscer- 

Viscera. 

ated. 

Per  cent. 

Per  cent. 

84 

16 

77.9 

22.1 

85.3 

14.7 

88.8 

11.2 

Visceral 
ratio. 


However  the  important  point  brought  out  by  a  study  of  these 
relations  in  man,  the  pig,  and  the  albino  rat  is  that  the  proportional 
value  of  the  viscera  is  about  twice  as  great  at  the  time  of  their  best 
development  as  it  is  at  maturity. 

We  may  fairly  assume  that  this  is  a  significant  change. 

Turning  to  the  analysis  of  the  growth  of  the  albino  rat  in  terms  of 
divisions  of  the  body,  Jackson  (1912)  has  in  press  a  study  (based  on 
age)  of  the  growth  of  the  head,  trunk,  fore  limbs,  and  hind  limbs,  and 
also  a  study  of  the  growth  of  the  musculature,  skeleton,  skin,  and  the 
viscera,  taken  as  a  whole.  (Thoracic  and  abdominal  viscera  and 
central  nervous  system.) 

Jackson  here  shows  that  from  birth  onward  the  incidence  of  most 
active  growth  passes  like  a  wave  from  the  head  and  upper  limbs  to 
the  lower  limbs  and  the  trunk,  the  high  relative  weight  for  which  is 
last  attained. 

The  same  relations  are  probably  true  for  man. 

Passing  to  the  several  viscera,  both  Hatai  and  Jackson  have 
studied  the  weights  of  the  organs  in  relation  to  the  body  in  the 
case  of  the  albino  rat,  and  it  is  these  observations  (especially  as  made 
by  Hatai,  with  whose  work  I  am  more  familiar)  that  I  desire  to  pre- 
sent in  some  detail. 

The  organs  of  the  albino  rat  weighed  in  these  studies  were  the 
brain,  spinal  cord,  eyes,  lungs,  heart,  kidneys,  liver,  alimentary  tract, 
spleen,  testes,  ovaries,  thyroid,  thymus,  suprarenals,  and  hypophysis. 
All  the  weighings  were  on  fresh  material. 


Donaldson.]  ANATOMICAL  ANALYSIS   OF   GROWTH.  413 

I  call  attention  first  to  the  two  size  groups  into  which  the  organs 
fall — the  liver  and  alimentary  tract  forming  the  great  mass  of  ma- 
terial and  constituting  one  group,  while  the  remaining  viscera  are 
small  and  make  a  second  group  by  themselves. 

Dr.  Hatai  has  called  attention  to  the  fact  that  the  graphs  for 
growth  representing  the  viscera  may  be  divided  into  three  types: 

Type  1  is  that  of  the  nervous  system,  best  represented  by  the  brain, 
in  which  very  rapid  growth  occurs  early,  followed  by  a  long  period 
of  very  slow  growth,  the  chief  characteristic  of  this  type. 

Type  2  is  that  of  the  testes,  which  shows  a  sinuous  graph,  the 
appearance  of  the  delayed  function  here  being  accompanied  by  an 
accelerated  growth.  This  type  of  graph  also  represents  the  growth 
of  the  ovaries,  so  that  it  is  characteristic  of  the  gonads  in  general. 

Type  3  is  the  approximately  straight-line  graph.  This  type  ap- 
plies to  all  the  other  viscera.  These,  with  some  slight  exceptions, 
establish  a  constant  rate  shortly  after  birth,  whereby  a  given  increase 
in  the  weight  of  the  entire  animal  is  accompanied  by  a  given  increase 
in  the  weight  of  the  viscus.  Wherever  there  is  a  deviation  it  is 
represented  by  a  slowing  in  the  relative  growth  of  the  viscus.  The 
growth  of  the  heart  is  the  best  example  of  this  type. 

The  data  from  these  graphs  are  based  on  437  male  individuals  (268 
Hatai,  169  Jackson  male1),  and  200  (Hatai  and  Jackson  together) 
female.  The  data  have  been  treated  by  approved  statistical  methods, 
and  formulas  for  the  several  graphs  have  been  obtained  by  Dr.  Hatai. 

So  far  as  the  three  types  are  concerned,  it  is  of  interest  to  note 
that  similar  types  have  been  found  for  the  corresponding  organs  in 
the  dog  fish  by  Kellicott  (1908). 

The  changes  in  weight  for  the  three  ductless  glands — the  thyroid, 
hypophysis,  and  suprarenals — are  of  the  straight-line  type.  The 
relative  growth  is,  in  all  three,  similar  to  that  of  the  heart. 

In  the  albino  rat  the  thyroid  shows  no  variation  according  to  sex; 
but  in  the  case  of  the  hypophysis  and  the  suprarenals  there  is  a 
marked  sex  difference,  both  these  glands  being  much  heavier  in  the 
female. 

I  am  not  aware  that  the  sex  relations  of  these  two  glands  have  been 
thus  clearly  established  in  any  other  animal,  although  there  are 
incidental  statements  concerning  all  of  them  for  man.  These  data 
enable  us  to  show  further  that  this  is  not  the  only  interesting  rela- 
tion exhibited  by  these  ductless  glands. 

The  albino  is  a  variety  of  the  wild  Norway  rat  (Mus  norvegicus)^ 
but  it  lives  always  under  conditions  of  domestication.  Dr.  Hatai  has 
a  long  series  of  observations  on  the  weight  of  the  viscera  in  the  wild 
Norway. 

The  weight  of  the  total  viscera  in  the  Norways  is  a  trifle  higher 
than  in  the  albinos;  but  when  particular  viscera  are  compared  there 
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appear  characteristic  differences  in  opposite  directions.  Norways 
have  heavy  brain,  spinal  cord,  and  spleen,  light  heart  and  kidneys. 
The  deviations  of  the  albino  are  not  due  to  albinism  as  such.  Ap- 
parently they  arise  in  response  to  the  complex  conditions  repre- 
sented by  domestication.  This  same  influence,  domestication,  seems 
to  be  the  cause  of  the  differences  found  between  the  suprarenals  and 
the  hypophysis  in  the  albino,  as  compared  with  the  Norway  rat. 

Dr.  Hatai's  weighings  show  that  the  hypophysis  in  the  Norway  rat 
is  notably  smaller  than  in  the  albino,  the  sex  differences  remaining 
the  same. 

On  the  contrary,  the  suprarenals  are  larger  in  the  wild  Nor- 
way than  in  the  albino,  being  about  twice  the  size.  The  sex  differ- 
ence also  remains  the  same. 

Chalmers  Watson  (1907,  1908)  has  already  pointed  out  this  differ- 
ence in  weight  and  referred  it  to  domestication,  but  he  did  not  dis- 
tinguish the  sexes  in  his  tables. 

The  proportions  from  Hatai's  series  are: 


Body 
weight. 

Hypo- 
physis. 

Supra- 
renals. 

No. 

Norway: 

Male 

223. 4 
225.1 

0. 0071 
.0085 

.0081 
.0183 

.0746 
.1237 

.0358 
.0589 

14 

Female 

15 

Albino: 

Male 

Female 

Average  difference:  Hypophysis,  Norway,  75  per  cent  of  albino;  suprarenals,  Norway,  209  per  cent  of 
albino. 

If  it  should  appear  that  similar  changes  took  place  under  domesti- 
cation in  other  mammals  we  would  have  one  more  important  in- 
stance of  adaptation  within  the  organism  to  changes  in  the  environ- 
ment. 

Generalizations  as  to  the  relative  importance  of  the  various  organs, 
and  especially  the  significance  of  the  variations  in  the  different  duct- 
less glands,  must  await  collection  of  data  on  a  series  of  forms,  though 
it  seems  highly  probable  that  other  mammals  will  be  found  similar  to 
the  rat  in  these  various  characters  and  in  their  power  of  physiological 
adaptation.  The  illustrations  of  the  utility  of  these  data  on  the 
weights  of  organs  are  then  the  clear  distinction  in  the  weight  of  the 
ductless  glands,  the  suprarenals  and  hypophysis,  according  to  sex, 
and  their  change  in  weight  in  the  Albino  as  compared  with  the  wild 
Norway,  probably  the  result  of  domestication.  Other  examples  could 
be  given,  but  these  must  serve  for  this  occasion. 

It  has  been  the  purpose  of  this  report  to  call  attention  especially 
to  the  considerable  series  of  data  which  apply  to  the  growth  and 
weight  relations  of  the  various  organs  of  the  Albino  rat  and  its  wild 
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ancestor,  the  Norway  rat,  as  these  data  now  furnish  reference  tables 
by  which  changes  in  both  forms  of  this  animal  under  various  experi- 
mental conditions  can  be  advantageously  studied. 


1  Excluding  birth  records. 


NUTRITION  OF  THE  EMBRYO. 

Dr.   John   R.    Murlin,   assistant   professor   of   physiology,   Cornell    University 

Medical  College,  New  York  City. 

A.    THE  MECHANISM  OF  NUTRITION. 

Only  a  few  years  ago  the  mammalian  ovum  was  regarded  as  nothing 
more  than  a  maternal  cell,  just  as  much  at  the  mercy  of  the  maternal 
circulation  for  its  nourishment  as  any  other  cell  of  the  body,  and 
the  provisions  made  after  fertilization  for  insuring  its  supply  of 
maternal  blood  wrere  looked  upon  as  beneficent,  not  to  say  providen- 
tial, adaptations  for  the  special  care  of  the  offspring.  Partly  through 
the  biological  observations  of  Hacker,  Boveri,  and  Beard,  who  have 
demonstrated  the  independence  of  the  "  Keimbahn,"  or  germinal  path, 
and  partly  by  the  embryological  studies  of  Hubrecht,  Assheton,  v. 
Spee,  Peters,  and  others,  who  have  directed  attention  to  the  details 
of  the  process  of  implantation  of  the  ovum  in  the  wall  of  the  uterus, 
it  has  gradually  dawned  upon  us  that  the  ovum  is  already,  to  a  large 
degree,  an  independent  organism,  capable,  even  in  the  face  of  diffi- 
culties, of  looking  out  for  its  own  nourishment  at  every  step  of  its 
development.  In  fact,  the  only  possible  interpretation  of  events  in 
the  ovary,  previous  to  the  liberation  of  the  ovum,  is  that  a  certain 
cell  is  selected  to  grow  and  thrive  at  the  expense  of  its  fellows,  be- 
cause (according  to  Miss  Lane-Claypon,  quite  fortuitously;  according 
to  John  Beard,  by  prearrangement)  it  possesses  the  mechanism 
which  enables  it  to  appropriate  to  its  own  purposes  the  materials 
contributed  by  its  less  fortunate  neighbors. 

Set  free  from  the  ovary,  the  mammalian  ovum  possesses  only  a  small 
amount  of  deutoplasm,  but  it  carries  with  it  a  fringe  of  follicle  cells 
on  which  if  feeds  in  its  progress  down  the  Fallopian  tube.  The 
tube  itself  supplies  something  in  the  form  of  a  jellylike  layer  of 
albuminous  material,  secreted  in  response  to  the  presence  of  the 
ovum,  wdiich  is  in  all  essential  respects  the  analogue  of  the  white  of 
the  hen's  egg.  In  some  mammals,  like  the  rabbit,  it  has  been  ascer- 
tained by  Assheton  that  the  ovum  feeds  upon  this  albuminous  secre- 
tion, formed  in  part  by  the  uterus  as  well  as  the  oviduct,  for  nearly 
a  week  after  fertilization,  and  that  only  when  this  supply  is  ex- 
hausted does  it  begin  to  burrow  into  the  uterine  mucosa  for  more 
nourishment. 
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From  the  histological  studies  recently  made  on  an  age  series  of 
hedgehog  embryos  by  Hubrecht,  and  on  very  early  human  ova  by 
Bryce  and  Teacher,  and  still  later  by  Young,  of  Edinburgh,  it  is 
clear  that  the  process  of  implantation,  from  the  standpoint  of  the 
embryo,  is  a  continuation  of  the  process  of  proteolytic  digestion  by 
which  the  albuminous  secretion  of  the  tube  and  uterus  was  made 
available.  The  ectodermal  cells  which  mediate  this  function  are 
known  collectively,  after  Hubrecht,  as  the  trophoblast.  Although  an 
enzyme  has  not  been  demonstrated  by  chemical  means  in  these  earliest 
stages,  it  has  been  found  recently  as  early  as  the  second  month  by 
Grafenburg,  and  there  can  be  no  doubt,  from  the  histological  picture, 
that  a  very  active  one  is  at  work,  or  that  it  is  produced  by  these 
trophoblastic  cells.  Whatever  they  touch,  according  to  v.  Spee, 
undergoes  solution.  Wherever  the  ovum  happens  to  touch  the  uterine 
wall  after  the  fringe  of  follicle  cells  is  digested  away,  the  ovum 
adheres  to  it  and  soon  dissolves  a  depression ;  this  depression  becomes 
a  cavity  and  the  cavity  extends  as  the  trophoblastic  cells  increase  in 
number.  From  the  standpoint  of  the  maternal  body,  implantation 
and  placentation,  according  to  Webster,  Bryce  and  Teacher,  and 
Young,  represent  an  effort  on  the  part  of  the  organism  to  limit  the 
invader  and  to  restrict  the  effects  of  its  enzymes. 

By  the  time  a  circulation  is  necessary  to  distribute  the  proteolytic 
products  to  all  the  embryonic  cells,  a  circulation  is  necessary  also 
(it  is  easy  to  fall  into  teleological  language  because  of  our  ignorance 
of  the  mechanism  by  which  blood  vessels  are  produced)  to  connect 
the  embryo  with  its  food  supply,  and  we  have  the  first  steps  in  the 
formation  of  the  true  placenta. 

The  question  whether  the  placenta,  when  fully  formed,  is  an  organ 
of  digestion  for  the  fetus,  or  whether  it  is  merely  a  structure  for 
diffusion  of  food  materials  already  in  solution,  is  one  which  has  been 
actively  though  intermittently  discussed  since  the  time  of  Harvey. 
Harvey  himself  expressed  the  opinion  in  1651  that  the  placenta  makes 
the  material  brought  to  the  fetus  available  "by  a  sort  of  digestion." 
But  evidence  of  this  which  would  be  incontrovertible  has  been  slow  in 
accumulating.  The  histological  evidence  of  a  proteolysis  effected  by 
the  early  trophoblast,  which  has  just  been  referred  to, 'creates,  now 
that  we  have  it,  a  strong  presumption  that  the  cells  derived  from  the 
trophoblast  will  continue  to  exercise  similar  functions.  Such  enzymes 
have,  in  fact,  been  extracted  from  the  true  placenta  by  Ascoli,  Merletti, 
Bergell  and  Liepmann,  and  Savare. 

Recently,  Grafenburg  has  investigated  human  placentas  of  all  ages 
from  two  months  to  the  end  of  gestation  and  has  found  a  tryptic 
enzyme  clearly  demonstrable  by  Muller  and  Jochmann's  method 
only  up  to  the  end  of  the  fourth  month.  Grafenburg  states  that  the 
cells  of  Langhan's  layer  begin  to  break  up  and  to  disappear  about  this 
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time,  and  he  reasons  that  therefore  they  musi  be  responsible  for  the 
production  of  the  enzyme.    Product-  of  proteolj  Lally  albu- 

moses,  have,  however,  been  found  by  Mathes,  Basso,  and  Hofbauer 
both  in  the  fresh  placenta  and  in  minced  placenta  after  undergoing 
autolysis  at  all  stages  of  gestation;  but  amino  acids  are  not  found  ex- 
cept after  prolonged  autolysis  or  after  prolonged  digestion  of  protein 
by  means  of  placental  extracts.  Hofbauer  concludes  from  his  studies 
that  proteolysis  in  the  placenta  normally  stops  at  the  albumose  stage 
and  that  synthesis  takes  place  immediately  the  trophoblastic  cells 
have  been  passed.  That  the  fetal  proteins  differ  from  the  maternal 
and  that  a  resolution  and  resynthesis  is  therefore  necessary,  Hof- 
bauer infers  from  such  facts  as  the  following:  A  difference  in  the 
content  of  euglobulin  in  fetal  and  in  maternal  blood,  demonstrated 
by  Joachim;  the  presence  of  amboceptors  in  maternal  blood  which 
can  not  be  found  in  fetal  blood,  a  fact  brought  to  light  by  Polano, 
and  the  demonstration  by  Bra  us  of  a  chemical  body,  which  produces 
a  precipitin  with  the  serum  of  rabbit's  blood,  present  in  the  maternal 
body  of  Bombinator  pachypus,  but  not  present  in  the  fetus  of  the 
same  species. 

The  discovery,  reported  within  the  year  by  Abderhalden  and 
Kiutsi,  of  enzymes  present  in  the  blood  of  pregnant  subjects,  which 
are  capable  of  digesting  placenta  peptone,  is  probably  to  be  inter- 
preted as  another  evidence  of  the  difference  between  maternal  and 
fetal  proteins;  for  the  authors  state  that  its  nature  is  that  of  a  pro- 
tecting enzyme  intended  to  destroy  proteins  of  fetal  origin. 

It  seems  possible  that  certain  albumins  can  pass  from  mother  to 
fetus  entirely  unchanged,  for  precipitin  reactions  have  been  obtained 
in  fetal  blood  by  both  Ascoli  and  Lochhead  after  parenteral  injection 
of  egg  white  into  the  pregnant  guinea  pig,  and  yet  it  must  not  be 
forgotten  that  Friedemann  has  shown  that  cleavage  products  of  cer- 
tain proteins  give  the  same  precipitin  reactions  as  do  the  native 
proteins.  Hence,  it  is  by  no  means  clear  that  these  precipitins  in 
the  fetal  blood  were  not  produced  by  albumoses  or  peptones  of  the 
egg  albumin  formed  in  the  placenta.  At  all  events,  the  evidence 
is  now  quite  sufficient  to  state  with  some  positiveness  that,  in  the 
early  months  of  pregnancy  at  least,  the  trophoblastic  cells  make  it 
their  business  to  modify  all  the  protein  which  normally  passes  from 
mother  to  fetus.  That  some  fetal  organ  takes  over  this  function 
after  the  disappearance  of  Langhans's  cells  is  proved  by  the  fact,  on 
the  one  hand,  that  the  syncytium  becomes  extremely  thin  late  in 
pregnancy;  and  by  the  fact,  on  the  other  hand,  that  the  fetus,  if 
prematurely  born,  is  able  to  live  without  this  work  of  intervention 
on  the  part  of  the  placenta.  Mendel  and  Mitchell,  in  their  chemical 
studies  on  growth,  reported  some  five  years  ago,  state  that  the  pro- 
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teolytic  enzymes,  like  the  glands  which  elaborate  them,  come  into 
evidence  at  a  comparatively  late  period  of  embryonic  life.  Pepsin 
was  found  by  Toldt  in  the  gastric  mucosa  at  the  end  of  the  sixth 
month.  Mendel  and  Mitchell  were  able  to  demonstrate  the  presence 
of  the  deamidizing  enzymes,  adenase,  and  guanase  in  embryo  pigs, 
the  former  in  the  liver  as  early  as  the  forty-fourth  day,  the  latter 
in  other  viscera  at  about  the  middle  (sixty-second  day)  of  embryonic 
life. 

So  much  for  the  mechanism  by  which  the  embryo  obtains  its  most 
essential  building  material,  the  proteins. 

We  naturally  expect  that  other  organic  foods  must  likewise  un- 
dergo a  process  of  naturalization  at  the  line  which  separates  ma- 
ternal from  fetal  structures.  For  the  fats,  Hofbauer  has  found  the 
same  histological  picture  in  the  trophoblastic  cells  as  is  always 
found  in  the  epithelium  of  the  intestinal  villi  in  active  absorption 
of  fat.  Thiemich  was  unable  to  influence  the  composition  of  fetal 
fat  by  feeding  a  pregnant  dog  with  palmin  and  linseed  oil,  and 
Oshima  finds  that  the  number  of  fat  granules  in  the  fetal  blood  in 
no  way  corresponds  to  the  amount  of  fat  in  the  maternal  circula- 
tion. Hofbauer  completes  the  indirect  evidence  for  a  transforma- 
tion of  fat  by  showing  that  a  fatty  acid  (laurinic  acid),  characteris- 
tic of  coconut  oil,  can  be  demonstrated  in  the  fetus  when  the  oil  is 
fed  to  the  mother.  While  a  lipolytic  enzyme  has  not  yet  been  found 
in  the  placenta,  it  seems  clear  that  neutral  fat  can  not  pass  the  troph- 
oblast  without  cleavage  into  fatty  acid  and  glycerin. 

For  the  transformation  of  carbohydrates,  amylolytic,  and  glyco- 
gen-splitting  enzymes  have  been  found  in  the  placenta,  the  former 
by  Charrin  and  Goupil,  Bergell  and  Liepmann,  and  by  Lochhead  and 
Cramer;  the  latter  by  Merletti,  Bergell  and  Liepmann,  Lochhead 
and  Cramer,  and  Hofbauer.  Even  glucose,  it  is  said,  can  not  pass  the 
trophoblast  by  simple  diffusion,  but  is  dependent  upon  a  selective 
activity  of  the  trophoblastic  cells  (Merletti).  Laevulose  is  found  in 
the  fetal  blood. 

The  older  view,  maintained  by  Bernard  and  by  Pfliiger,  that  em- 
bryonic tissue  is  especially  rich  in  glycogen  has  been  definitely  dis- 
proved within  recent  years  by  Adamoff,  Mendel  and  Laevenworth, 
and  Lochhead  and  Cramer.  The  last-named  authors  have  made  a 
study  of  the  glycogen  content  of  the  placenta,  the  fetal  liver,  and 
the  remainder  of  the  embryonic  body  in  an  age  series  of  rabbit  em- 
bryos, and  have  noted  a  "distinct  parallelism  between  the  growth 
of  the  fetus  and  the  amount  of  glycogen  it  contains." 

In  the  earlier  stages  of  intrauterine  life  of  the  rabbit  the  fetal 
liver  lacks  the  power  to  store  glycogen,  and  this  power  it  does  not 
acquire  to  any  degree  until  the  last  week  (1-4)  of  gestation.  'Up  to 
this  time  the  maternal  side  of  the  placenta  "  vicariously  fulfills  the 


Muilin.]  NUTBITION    OF    THE    KMBRYO.  419 

hepatic  function  as  far  as  glycogen  is  concerned."  Then,  as  the 
fetal  liver  develops  its  glycogen-storing  capacity,  the  placenta  loses 
it.  The  glycogen  stored  in  the  placenta  and  later  in  the  fetal  liver 
and  other  organs,  besides  representing  an  excess  of  carbohydrate, 
just  as  it  does  in  the  nutrition  of  the  adult,  may,  as  Lochhead  and 
Cramer  have  pointed  out,  be  of  special  significance  in  the  production 
of  mucin  which  has  a  carbohydrate  radical  and  which  is  present  in 
large  quantity  in  all  embryonic  tissue. 

Another  factor  of  great  importance  in  the  nutrition  of  the  em- 
bryo is  the  supply  of  iron  for  the  production  of  its  respiratory  pig- 
ment. For  the  chick  we  know  that  the  supply  of  iron  is  already 
present  in  the  yolk  of  the  egg,  and  the  formation  of  blood  corpuscles, 
with  their  content  of  hemoglobin,  can  be  very  satisfactorily  traced 
by  histological  methods.  The  mammalian  ovum,  however,  contains 
no  iron  for  the  manufacture  of  its  respiratory  pigment;  hence,  this 
constituent  must  be  obtained  from  the  mother.  There  are  two  pos- 
sible sources:  (1)  The  hemoglobin  of  the  maternal  blood  and  (2)  the 
nucleo-protein  of  the  food.  Concerning  the  transformations  of  the 
latter  as  a  source  of  iron,  we  know  next  to  nothing;  hence,  remarks 
may  be  confined  entirely  to  the  derivation  of  iron  from  the  hemo- 
globin of  the  mother.  How  is  this  supply  made  available?  Marshall 
has  shown  that,  in  the  sheep,  the  blood  which  is  extravasated  in  men- 
struation, but  which,  in  this  animal,  does  not  reach  the  exterior,  is 
decomposed,  later  is  ingested  by  leucocytes  in  which  iron  can  be 
demonstrated  by  microchemical  methods,  and,  finally,  in  the  event  of 
conception,  becomes  a  constituent  part  of  the  uterine  milk  or  em- 
bryotrophe.  After  the  formation  of  the  placenta,  the  extravasa- 
tion of  a  greater  or  less  amount  of  blood  as  a  constituent  part  of  the 
uterine  milk  has  been  demonstrated  for  a  number  of  ruminant  ani- 
mals (sheep,  cow,  deer,  etc.),  and  following  its  ingestion  by  the  amae- 
boid  activity  of  the  trophoblastic  cells,  various  pigments  found  in  the 
placenta,  but  not  found  in  the  virgin  uterus,  have  been  proved  by 
both  histological  and  spectroscopic  methods  to  be  derivatives  of  the 
hemoglobin. 

According  to  the  latest  histological  evidence  furnished  by  Biyce 
and  Teacher,  the  early  human  trophoblast  does  not  ingest  red  blood 
corpuscles  as  such,  but,  according  to  Hofbauer,  there  can  be  no  doubt 
of  the  presence  of  iron-containing  compounds  in  the  villi  imme- 
diately adjoining  the  blood  sinuses.  There  is  scarcely  any  doubt 
that  their  source  is  the  maternal  blood  filling  the  sinuses. 

The  iron -containing  fraction  of  the  destroyed  hemoglobin  is  sup- 
posed to  be  transported  directly  by  the  fetal  blood  to  the  fetal  liver, 
where  certainly  iron  is  stored  as  a  compensation,  according  to  Bunge, 
for  the  lack  of  iron  in  the  milk.  Points  which  remain  to  be  cleared 
up  are.  whether  the  iron  delivered  to  the  placenta  undergoes  further 
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chemical  change  on  its  way  to  the  liver,  and  whether  it  is  deposited 
at  once  in  blood-forming  cells  of  the  liver.  (The  reader  is  referred 
to  Lochhead's  excellent  chapter  on  "  Fetal  Nutrition  "  in  Marshall's 
"  Physiology  of  Reproduction "  for  a  fuller  discussion  of  topics 
treated  in  the  first  half  of  the  present  paper.) 

B.    QUANTITATIVE    RELATIONSHIPS    IN    THE    NUTRITION    OF    THE    EMBRYO. 

The  possession  by  the  embryo  from  its  earliest  stages  of  a  mech- 
anism necessary  to  acquire,  digest  and  assimilate  its  own  building 
material  and  energy-producing  materials  supports  the  view,  so  often 
expressed  on  other  grounds,  of  a  parasitic  relationship  to  the  mother. 
There  are,  however,  certain  facts  which  have  come  to  light  in 
recent  biochemical  studies  of  the  subject  which  permit  of  a  different 

interpretation. 

There  can  be  no  doubt  that  so  long  as  the  trophoblastic  cells  are 
able  to  establish  the  proper  anatomical  and  physiological  relation- 
ship to  the  maternal  blood  stream,  the  embryo  relentlessly  draws 
upon  the  circulation  for  materials  to  satisfy  the  cravings  of  its  mul- 
tiplying and  developing  cells.  The  problem  of  proper  nutrition  of 
the  embryo,  then,  is  properly  to  nourish  the  mother — to  replace,  by 
way  of  her  own  alimentary  system,  the  materials  drawn  from  her 
circulation,  so  that  it  may  not  be  necessary  at  any  moment  to  replace 
them  from  her  own  tissues. 

(1)  Requirement  for  protein. — In  order  to  determine  the  total 
amount  of  materials  required  for  the  formation  of  a  fully  developed 
child  at  term,  we  have  only  to  analyze  the  body  of  such  a  child  still- 
born, as  has  been  done  by  Michel,  Fehling,  and  others.  But  the 
practical  question  is  not  how  much  protein,  fat,  carbohydrate,  iron, 
calcium,  etc.,  does  the  newborn  child  contain,  but  how  much  of  the 
various  food  materials  must  be  placed  to  the  credit  of  the  pregnant 
mother  at  successive  stages  of  the  period  of  gestation  to  enable  her 
to  set  up  a  branch  establishment  complete  in  all  physiological  and 
anatomical  details  and,  therefore,  capable  of  complete  autonomy, 
without  depletion  of  her  own  capital  resources. 

Does  the  pregnant  organism  exhibit  any  special  economy  for  ac- 
complishing this  end?  The  earliest  students  of  the  nutritional  bal- 
ance sheets  thought  it  did.  Repreff,  for  example,  finding  less  nitro- 
gen in  the  urine  of  pregnant  animals  than  in  that  of  nonpregnant 
mimals  on  the  same  diet,  concluded  that  the  katabolic  processes  of 
the  mother's  body  must  be  reduced  in  order  to  permit  the  fetus  to 
make  use  of  the  protein  materials  for  growth.  Hagemann,  from 
experiments  on  dogs,  and  Ver  Ecke,  from  experiments  on  rabbits, 
reached  an  exactly  opposite  conclusion.  Analyzing  the  bodies  of  the 
newborn  animals  and  the  accessory  structures  (afterbirth,  mem- 
branes, amniotic  fluids,  etc.)  at  birth  and  comparing  the  sum  total 
with  the  amount  of  materials  retained  by  the  mother's  body  during 
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the  entire  gestation  period,  they  found  :i  net  Loss.  Sonic  of  the  ma- 
terials must  have  come  from  the  maternal  body.  As  Ver  Ecke  put 
it,  "Gestation  constitutes  a  sacrifice  of  the  individual  for  the  good  of 
the  species,"  It  appears,  however,  from  more  recent  and  better  con- 
trolled experiments  by  Jagerroos,  Bar  and  Daunay,  mid  by  the 
writer,  that  this  view  is  extreme.  Each  of  the  hist- named  observers 
has  had  dogs  come  through  the  gestation  period  with  a  net  gain 
rather  than  a  net  loss  of  protein.  But  this  is  not  the  whole  truth. 
The  early  part  of  gestation  in  the  dog,  at  least,  is  characterized  by  a 
tendency  to  nitrogen  loss  on  the  part  of  the  mother.  The  period  of 
this  loss,  according  to  Bar,  practically  coincides  with  the  period  of 
morning  sickness  in  women,  and  has  been  interpreted  to  mean  that 
the  maternal  organism  has  not  yet  succeeded  in  fully  protecting 
itself  against  the  action  of  the  trophoblastic  enzymes.  With  the 
completion  of  the  placenta  about  the  end  of  the.  fourth  week  in  the 
dog,  or  the  fourth  month  in  the  human  pregnancy,  the  enzymes  are 
thenceforth  restricted  in  their  action  to  the  materials  supplied  by  the 
blood  and  the  period  of  nitrogen  loss  changes  to  a  period  of  nitrogen 
gain.  Under  normal  conditions,  the  nitrogen  gain  much  more  than 
compensates  for  the  previous  loss. 

Two  years  ago  Hoffstrom  reported  from  Helsingfors  complete 
balance  sheets  for  nitrogen,  sulphur,  phosphorus,  calcium,  and  mag- 
nesium from  the  seventeenth  week  to  the  end  of  gestation  on  a  single 
case  of  human  pregnancy.  He  found,  in  respect  to  all  of  these  sub- 
stances, that  more  was  retained  at  the  end  of  each  week  than  could 
have  been  required,  according  to  the  analyses  of  Michel  and  Fehling, 
for  the  growth  of  fetus,  membranes,  and  afterbirth.  Bar  and 
Daunay  had  already  reported  the  same  as  regards  nitrogen  for  the 
very  last  weeks  of  pregnancy  in  women.  The  conclusion,  from  both 
researches,  is  that  in  normally  nourished  pregnant  women  not  only 
is  the  maternal  body  capable  of  meeting  the  demands  of  the  fetus 
without  loss,  but  that  for  each  of  the  elements  investigated  there  is 
a  considerable  gain  on  the  part  of  the  maternal  bod}'.  For  this  rea- 
son, Bar  speaks  of  the  nutritional  relationship  between  mother  and 
fetus,  not  as  a  parasitism,  but  as  an  "  harmonious  sjonbiosis,"  meaning, 
by  this,  that  each  organism  derives  a  distinct  nutritional  advantage 
from  the  partnership.  Many  different  organs  of  the  mother  share  in 
this  advantage — the  muscles,  especially  of  the  pelvis  and  abdomen, 
the  subcutaneous  deposits  of  fat,  and  the  mammary  glands,  most  con- 
spicuously. Just  how  the  presence  of  the  fetus  stimulates  the  ma- 
ternal tissues  to  increased  anabolic  activity  is  not  fully  understood, 
the  positive  results  of  Starling  and  Claypon  on  the  hormone  action 
of  fetal  extract  on  the  mammary  glands  not  having  as  yet  been  fully 
confirmed. 


422       SECTION   II.    DIETETIC    HYGIENE:    HYGIENIC    PHYSIOLOGY. 

•  — 

Hoffstrom's  paper  contains  curves  which  show  the  amounts  of 
nitrogen,  phosphorous,  calcium,  etc.,  which,  on  a  known  diet  contain- 
ing on  the  average  80  grams  protein,  123  grams  fat,  and  196  grams 
carbohydrate  in  24  hours,  were  utilized  for  the  fetus  and  how  much 
was  retained  by  the  maternal  body  itself. 

2.  Requirements  of  the  embryo  for  energy. — Harbored  as  it  is 
amongst  the  warmest  organs  of  the  mother's  body,  the  fetus  might 
be  supposed  to  produce  very  little  heat  on  its  own  account.  It  has 
been  clearly  demonstrated,  however,  that  oxidation  takes  place  in  the 
fetal  tissues  as  soon  as  a  circulation  is  established,  and  we  must  sup- 
pose that  it  begins  even  before  this.  Two  questions  naturally  arise, 
What  foodstuffs  furnish  the  potential  energy  required  in  the  fetal 
tissues;  and  how  much  energy  is  required  in  comparison  with  the 
adult  tissues? 

No  perfectly  satisfactory  determinations  of  the  respiratory  quo- 
tients which  would  enable  us  to  decide  what  foodstuffs  are  burned  in 
the  embryo  have  yet  been  made.  Those  of  Cohnstein  and  Zuntz  on 
the  sheep,  published  in  1884,  were  certainly  faulty  as  to  technique, 
and  those  of  Bohr  on  the  guinea  pig  (1900)  are  open  to  grave  objec- 
tion as  to  certain  experimental  conditions.  The  indications  from  both 
sets  of  observations  are  that  carbohydrate  furnishes  the  energy  of 
combustion,  and  this  is  supported  by  some  observations  by  the  writer 
on  newborn  dogs.  They  are  in  disagreement,  however,  with  experi- 
ments by  Babak  and  by  Scherer  on  newborn  children  where  low 
respiratory  quotients,  indicating  the  combustion  of  fat,  were  obtained 
as  early  as  one  hour  after  birth.  Experiments  on  animals,  in  which 
the  02  and  C(X  tension  in  the  blood  of  the  umbilical  vein  and  artery 
may  be  determined  by  the  improved  methods  of  Haldane,  Barcroft, 
or  Krogh,  should  clear  up  this  problem  in  a  comparatively  short  time. 

The  answer  to  the  other  question  is  more  definite.  Experiments  by 
the  writer  on  pregnant  dogs  have  shown  that  the  extra  metabolism 
due  to  pregnancy  is  proportional  to  the  weight  of  the  newborn 
delivered,  and  is  about  the  same  per  unit  of  surface  (calculating  this 
from  the  known  weight  curve  of  the  embryo)  as  in  the  adult  dog. 
Assuming  that  the  accessor}7  structures  take  little  part,  this  makes 
the  total  metabolism  per  unit  of  weight  of  the  embryos  three  days 
before  birth  equal  to  three  times  the  metabolism  of  the  mother  dog. 
In  the  last  two  weeks  of  human  pregnancy,  as  Carpenter  and  Murlin 
have  shown,  the  total  metabolism  per  unit  of  weight  is  but  4  per  cent 
higher  than  in  the  nonpregnant  woman  under  the  same  conditions. 
The  small  amount  of  this  increase  is  clue  to  the  fact  that  the  weight 
of  the  fetus  is  small  compared  with  that  of  the  mother  and  to  the 
fact  that  a  considerable  part  of  the  increased  weight  in  pregnancy 
takes  no  part  in  the  metabolism.  Nevertheless  the  children  born  from 
these  pregnancies  in  the  firsi  two  weeks  of  their  lives  showed,  while 
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sleeping  quietly. beside  their  mothers,  a  metabolism  per  unit  of  weight 
two  and  one-half  times  that  of  their  mothers. 

The  explanation  of  this  higher  metabolism  per  unit  of  weight,  in 
the  opinion  of  the  writer,  we  owe  entirely  to  Rubner's  law  of  skin 
surface.  The  embryo,  like  the  infant,  has,  in  proportion  to  its  weight, 
a  much  larger  body  surface  through  which  heat  can  be  radiated. 
Reckoned  on  the  basis  of  surface  area,  there  is  no  evidence,  as  yet, 
that  the  metabolism  either  of  the  embryo  or  of  the  newborn  is  higher 
than  that  of  the  adult. 

Summarizing  the  knowledge  of  to-day  regarding  the  nutrition  of 
the  embryo,  we  may  say:  (1)  That  the  embryo  is  provided  from  the 
first  with  a  mechanism  which  enables  it  to  digest  and  assimilate  the 
materials  of  its  immediate  environment.  The  mechanism  of  digestion 
is  located  in  the  early  trophoblast  and  later'in  the  placental  structures 
derived  from  this.  These  structures  continue  to  discharge  the  ali- 
mentary functions,  digestion,  absorption,  storage  of  reserve  mate- 
rials, etc.,  until  the  fetal  organs  are  themselves  developed  far  enough 
to  discharge  them.  There  is  then  a  gradual  shifting  of  the  func- 
tions to  the  alimentary  canal  until,  just  before  birth,  it  may  be 
assumed  that  the  proper  organs  are  supplied  with  a  complete  comple- 
ment of  alimentary  enzymes  ready  to  attack  the  materials  synthetized 
by  the  mammary  glands.  (2)  The  amount  of  protein  material  actu- 
ally required  for  the  growth  of  the  embryo  of  any  species  can  be 
determined  only  by  analyzing  an  age  series  of  embryos  for  nitrogen. 
A  curve  constructed  from  such  data,  when  compared  with  a  curve 
expressing  the  amount  of  nitrogen  retained  by  the  maternal  body 
during  gestation,  shows  that,  under -normal  conditions,  there  is  always 
an  excess  of  available  building  material.  There  is,  therefore,  no 
necessity,  from  the  chemical  point  of  view,  of  a  sacrifice  of  the  indi- 
vidual for  the  good  of  the  species,  so  far  as  gestation  is  concerned. 
(3)  We  do  not  know  with  certainty  what,  materials  are  burned  for 
the  maintenance  of  its  body  temperature  in  the  embryo,  though  the 
indications  are  that  the  most  diffusible  foodstuff,  namely,  carbo- 
hydrate, furnishes  the  bulk  of  the  energy.  As  regards  the  intensity 
of  the  metabolism  and,  therefore,  the  total  requirements  for  energy, 
the  weight  of  evidence  is  that  no  more  potential  energy  is  required 
than  for  the  newborn  kept  warm  in  bed  beside  its  mother,  and  the 
latter  amount  is  certainly  not  greater  per  unit  of  surface  area  than 
in  the  adult.  Reckoning  all  the  extra  metabolism  of  the  pregnant 
dog  as  belonging  to  the  embryo  alone,  the  amount  per  unit  of  weight 
three  days  before  birth  is  about  three  times  that  of  the  mother  dog. 
The  metabolism  of  the  newborn  child,  asleep  beside  its  mother,  is 
two  and  a  half  times  the  resting  metabolism,  per  unit  of  weight  of 
the  mother. 
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THE  NUTRITION  AND  GROWTH  OF  BONE. 

E>r.  Francis  H.  McCrudden,  chemist  at  tlie  hospital  of  the  Rockefeller  Institute 
for  Medical  Research,  New  York  City. 

This  subject  of  bone  growth  is  a  very  important  one,  to  which 
very  little  attention  has  been  given.  When  we  remember  that  in  all 
the  various  chronic  rheumatisms,  osteomalacia,  rickets,  osteitis  de- 
formans, osteoporosis,  fractures,  dwarfism,  and  faulty  development 
bone  growth  is  involved,  we  see  the  importance  of  knowing  the  nor- 
mal. And  yet  almost  no  one  seems  to  have  made  an  experimental 
investigation  of  the  question  of  normal  bone  growth.  Bone  is  gen- 
erally considered  a  dead  tissue,  not  undergoing  metabolism  once  it 
is  laid  down.  Only  Cohnheim  and  Adami .  definitely  face  the  ques- 
tion and  express  the  opinion  that  bone  does  undergo  a  continuous 
process  of  absorption  and  resorption,  and  even  with  these  two  pa- 
thologists it  is  merely  an  opinion  and  not  based  on  any  definite 
experimental  studies.  Several  years  ago,  while  making  chemical 
studies  in  various  bone  diseases,  I  began  to  study  osteomalacia,  and 
my  findings  threw  some  light  on  this  whole  question.  I  shall  there- 
fore approach  the  subject  in  this  discussion  as  I  did  in  my  work — 
through  osteomalacia. 

In  osteomalacia  the  bones  are  soft  and  poor  in  lime  salts  like  bones 
which  have  been  decalcified  in  vitro  by  the  action  of  acid,  and  so  the 
assumption  was  naturally  made  that  the  decalcification  in  this  dis- 
ease is  also  due  to  the  action  of  acid. 

Chemical  analysis  of  bone  in  osteomalacia  shows  that  it  contains 
more  magnesium  phosphate  than  normal  bone,1  a  fact  that  at  once 
excludes  the  acid  hypothesis,  for  magnesium  phosphate  is  more 
readily  soluble  in  acid  than  calcium  phosphate,  and  the  content  of 
bone  in  magnesium  phosphate  would  therefore  decrease  more  rapidly 
than  that  of  calcium  phosphate  under  the  influence  of  acid.  Chemi- 
cal analysis,  furthermore,  brings  out  another  point,  namely,  that  the 
increase  in  magnesium  and  in  osteoid  tissue  is  not  only  a  relative 
increase,  such  as  one  would  expect  if  a  certain  quantity  of  calcium 
were  removed,  but  an  absolute  increase  leading  to  the  conclusion  that 
there  is  an  apposition  of  new  osteoid  tissue  poorer  in  calcium,  but 
richer  in  magnesium  salts  than  normally.  The  process,  then,  in 
osteomalacia  is  not  a  mere  passive  dissolving  out  of  calcium  salts. 
Old  bone  is  being  destroyed  and  new  bone  laid  down,  but  the  new 
bone  is  poorer  in  calcium  salts  but  richer  in  osteoid  tissue  and  in 
magnesium  salts  than  normally. 

Metabolism  observations,  too,  are  in  accord  with  the  conception  of 
osteomalacia  already  outlined.2  Complete  balance  studies,  in  which 
various  elements  in  the  food,  urine,  and  feces  were  studied  in  the 
active  stage  of  osteomalacia,  have  shown  a  loss  of  calcium  and  a 
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retention  of  magnesium  and  of  sulphur,  the  latter  an  important  con- 
stituent of  the  ground  substance  of  bone. 

Histological  evidence  throws  but  little  light  on  the  question  of  1 
nature  of  the  process  in  osteomalacia,  but  it  is  of  interest  to  note  that 
osteoblasts — evidence  of  newly  formed  bone — are  found  in  abun- 
dance in  the  region  of  the  uncalcified  bone.  And  this  is  in  accord 
with  the  conception  of  this  bone  as  new  lime-free  bone  and  not  old 
decalcified  bone. 

All  the  evidence  on  the  subject  is  against  the  acid  theory.  The 
body  has  an  enormous  power  of  neutralizing  acid,  so  that  any  formed 
is  at  once  neutralized  and  does  not  circulate.  Attempts  to  produce 
osteomalacia  artificially  by  the  feeding  of  large  quantities  of  acid 
have  invariably  failed  and  in  diabetic  acidosis,  the  condition  in  which 
the  neutralizing  power  of  the  body  is  most  severely  taxed,  there  is 
no  evidence  of  osteomalacia;  furthermore,  we  have  evidence  that 
there  is  no  great  increase  in  acid  formation  in  osteomalacia. 

All  the  evidence,  in  fact,  indicates  that  bony  tissue,  like  other 
tissue,  is  undergoing  a  continuous  process  of  breaking  down  and  new 
formation.  There  is  chemical  evidence  of  building  up  or  anabolic 
processes  in  bone  during  formation  and  calcification  of  the  callus 
formed  following  a  fracture,  and  during  starvation  catabolic  or 
breaking-down  processes  come  into  evidence.  The  mineral  salts 
excreted  during  starvation  are  much  greater  than  can  be  accounted 
for  by  the  quantities  in  the  muscle  or  other  soft  tissue  being  de- 
stroyed, as  measured  by  nitrogen  excretion,  and  can  only  be  accounted 
for  by  assuming  a  catabolism  of  bone ;  and  analyses  of  the  bones  of 
starving  animals  show  that  they  do,  in  fact,  lose  both  mineral  salts 
and  organic  matter  and,  in  fact,  in  about  the  same  proportions. 
Indeed,  in  the  experiments  of  one  investigator  it  was  shown  that 
this  loss  might  be  as  high  as  1  per  cent  per  day  of  the  total  bone.  We 
have  histological  evidence  of  this  in  the  arrangement  of  the  lamellae. 
These  are  laid  down  along  the  lines  of  strain,  but  in  the  different 
periods  of  life  the  load  to  be  borne  and  the  direction  of  strain  varies 
and  the  old  lamellae  become  absorbed  and  replaced  by  new ;  they  can 
be  seen  to  be  undergoing  absorption  along  one  aspect,  while  new 
material  is  deposited  on  the  other,  so  that  the  position  of  the  indi- 
vidual lamellae  becomes  shifted.  Furthermore,  the  fact  that  rickets 
and  osteomalacia  can  be  produced  in  animals  by  withdrawing  lime 
salts  from  the  food  is  in  accord  with  the  conception  of  bone  as  a  tissue 
which  is  continuously  being  destroyed  and  in  need  of  new  material  to 
replace  the  old. 

As  a  matter  of  fact,  the  conception  of  bone  as  a  dead  tissue  not 
undergoing  metabolism  is  a  last  remainder  of  the  old  view  long  since 
discarded  that  there  is  some  subtle  difference  between  the  dead  or 
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mineral  elements  and  the  living  or  organic  elements,  whereby  the 
latter  can  take  an  active  part  in  life  processes,  the  former  not.  That 
fhe  so-called  inorganic  elements  do  take  a  very  active  part  in  living 
processes  is  brought  out  by  such  work  as  that  of  Loeb  and  others. 
We  all  agree  that  the  calcium,  magnesium,  and  iron  salts  in  the 
muscles  and  blood  undergo  metabolism  and  have  to  be  renewed.  If, 
then,  the  few  per  cent  of  these  elements  in  the  soft  tissues  are  in  a 
state  of  flux,  why  not  also  the  many  per  cent  in  the  hard  tissues? 
The  soft  osteoid  tissue  in  osteomalacia  is  to  be  considered,  then,  not 
as  old  bony  tissue  from  which  the  salts  have  been  dissolved  out,  but 
as  new  bone  poor  in  lime  salts,  laid  down  to  replace  the  old  bone. 

Having  satisfied  myself  as  to  the  nature  of  the  process,  I  next  in- 
quired as  to  the  cause.  Why  is  bone  abnormally  poor  in  calcium  being 
formed?  We  know  that  bone  acts  as  a  store  of  calcium  to  be  drawn 
upon  in  time  of  need,  just  as  subcutaneous  tissue  acts  as  a  store  of 
fat,  and  the  liver  as  a  store  of  glycogen.  And,  in  answer  to  the 
question,  "  Is  it  possible  that  the  calcium  is  needed  and  being  di- 
verted to  other  uses,"  we  think  of  the  growing  fetus  with  its  need  for 
calcium  salts  as  a  factor  always  associated  with  the  most  common 
form  of  osteomalacia;  namely,  puerperal.  And  both  chemical  and 
clincal  investigations  show  facts  that  are  in  accord  with  the  hypoth- 
esis that  the  growing  fetus  takes  up  calcium  salts  at  the  expense  of 
the  maternal  bones.3 

Post-mortem  examination  of  the  pelvic  bones  of  women  dying  dur- 
ing pregnancy  shows  mild  signs  of  osteomalacia  in  so  many  that  it 
seems  to  be  almost  physiological.  And  chemical  observations  of 
early  osteomalacia  during  pregnancy  show  that  the  body  is  not  losing 
calcium;  it  is  even  retaining  calcium.  In  other  words,  there  is,  fre- 
quently, if  not  always,  during  pregnancy,  a  flux  of  calcium  salts  from 
the  maternal  skeleton  to  the  growing  fetus.  But  this  is  not  followed 
by  real  osteomalacia  except  under  certain  conditions.  The  condi- 
tion of  greatest  importance  would  seem  to  be  a  marked  tendency  to 
overprolongation  of  the  period  of  calcium  flux.  Signs  of  osteo- 
malacia rarely  appear  in  early  pregnancies.  It  is  usually  only  after 
a  series  of  rapidly  succeeding  pregnancies,  with  prolonged  periods 
of  lactation,  that  an  attack  occurs;  and  the  patient  usually  recovers 
from  the  first  one  or  two  attacks.  But  retention  of  calcium  and  re- 
covery do  not  begin  at  once  at  the  end  of  pregnancy  and  lactation. 
There  is  a  certain  lag,  and,  furthermore,  the  lag  is  longer  and  longer 
in  subsequent  attacks  until  finally  the  condition  becomes  chronic. 
In  other  words,  the  flux  of  calcium,  the  increased  bone  catabolism, 
seems  to  be  unduly  prolonged  after  the  original  stimulus,  for  the 
flux  is  no  longer  present.  Why  this  should  be  so,  one  can  not  say,, 
!         [gal  i'>n  -hows  that  it  is  so.    It  would  seem  to  be  an  example 
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of  the  overproduction  which,  as  Weigert  has  pointed  out,  is  charac- 
teristic of  nil  tissue  repair.  It  is  analogous  to  the  overproduction  of 
free  receptors  which,  according  to  Ehrlich's  theory  of  immunity,  is 

responsible  for  acquired  immunity.  Indeed,  Harris,  an  English 
writer,  who  has  recently  given  many  examples  of  this  '•functional 
inertia,"  as  he  calls  it,  which  leads  to  the  continuation  of  processes 
for  a  time  after  the  original  stimulus  has  ceased,  has  pointed  out  that 
it  is  as  fundamental  a  property  of  living  matter  as  irritability  itself. 

The  facts,  then,  in  regard  to  the  etiology  of  osteomalacia  are  that 
the  beginning  of  the  process  is  associated  with  a  flux  of  calcium  salts 
to  the  growing  fetus,  and  that  the  flux  continues  after  the  need  of 
calcium  no  longer  exists.  The  tendency  to  prolongation  of  the  flux, 
variable  in  different  individuals,  is  very  great  in  some,  and  in  such 
susceptible  persons,  the  increased  catabolism  of  bony  tissue  lasts 
longer  and  longer  after  each  pregnancy  and  begins  earlier  and  earlier 
in  subsequent  pregnancies  until  finally  the  failure  to  make  up  for 
the  losses  leads  to  a  bone  very  poor  in  lime  salts  and  symptoms  of 
osteomalacia  appear. 

The  generalh7  accepted  belief  that  osteomalacia  is  a  disease  of  the 
ovaries  is  based  solely  on  the  clinical  facts  regarding  the  supposed 
curative  effect  of  castration.  A  clearer  understanding  of  the  eti- 
ology of  puerperal  osteomalacia  makes  the  place  of  castration  as  a 
therapeutic  measure  clearer.  Recovery  from  mild  or  early  attacks 
of  osteomalacia  follows  a  variety  of  therapeutic  measures  and  often 
even  without  treatment,  but  the  advantage  of  castration  over  other 
measures  lies  in  its  prophylactic  effect  in  making  future  attacks  un- 
likely; and  a  careful  examination  of  the  clinical  data  shows  facts 
that  are  in  accord  with  this  view.4 

Osteomalacia  occurs  occasionally  in  persons  other  than  pregnant 
women,  and  in  these  nonpuerperal  cases  the  facts  are  in  accord  with 
the  theory  of  osteomalacia  already  outlined,  which  associates  the 
beginning  of  the  flux  of  calcium  salts  with  a  need  of  calcium  on  the 
part  of  other  tissue  and  which  emphasizes  the  importance  of  the 
continuation  of  the  flux  after  the  need  has  been  satisfied.5  Cases 
have  been  reported  where  the  calcification  of  a  callus  after  a  fracture 
was  followed  by  osteomalacia,  and  in  one  of  these  cases  the  subse- 
quent flux  of  calcium  led  to  the  excretion  of  9  and  10  grams  of  CaO 
per  day  in  the  urine,  40  to  50  times  the  normal.  I  had  the  good 
fortune  to  be  able  to  study  carefully  a  case  of  nonpuerperal  osteo- 
malacia following  the  appearance  of  multiple  osteomata,  and  the 
facts  were  in  every  way  in  harmony  with  the  conception  outlined. 
In  29  cases  of  metastic  bone  formation  reported  in  the  literature,  in 
all  but  four  some  extensive  destructive  disease  of  bone  was  demon- 
strated. 
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To  summarize  briefly,  then,  our  findings  in  bone  metabolism: 
Bone,  like  other  tissue,  undergoes  metabolism  throughout  life.  Old 
bone  is  continuously  being  resorbed  and  new  bone  laid  down.  Under 
certain  circumstances  abnormalities  may  occur.  In  children,  for 
example,  where  the  new  bone  is  normally  increasingly  richer  in  the 
calcium  than  the  old,  the  abnormality  may  consist  in  the  continued 
apposition  of  soft  calcium-free  bone  which,  bending  under  the  in- 
creasing weight  of  the  child,  results  in  rickets.  In  adults  a  drain 
on  the  calcium  store  of  the  bones  may  be  so  great  and  long  continued 
that  the  bone  becomes  soft  and  osteomalacia  appears.  The  loss  may 
be  very  localized,  leading  to  osteitis  deformans.  In  old  age,  when 
anabolic  processes  are  less  active,  the  building  up  of  even  lime-free 
bone  ma}^  be  so  inadequate  that  osteoporosis  may  result. 

As  causes  for  the  start  of  the  drain  on  the  calcium  store  may  be 
noted  pregnancy,  growing  bone  tumors,  fractures,  metastatic  bone 
formation,  possibly  arterio-sclerosis ;  and  my  attention  has  recently 
been  called  to  a  form  of  bowed  legs  seen  in  children  about  the  time 
the  epiphyses  begin  to  calcify.  Variations  in  the  tendency  to  over- 
continuance  of  the  calcium  flux  play  an  important  part.  These  types 
of  abnormal  bone  metabolism  may  be  referred  to  as  those  leading  to 
qualitative  changes  in  the  bone,  and  there  are  various  subdivisions 
of  this  type. 

Another  kind  of  condition  in  which  bone  growth  is  involved  is 
dwarfism.6  The  causes  are  probably  man}^.  But  in  one  type  I  have 
observed  a  disturbance  of  calcium  metabolism  associated  with  im- 
proper development  of  bone.  Calcium  is  almost  absent  from  the 
urine,  leading  to  the  belief  that  the  blood  must  be  poor  in  calcium 
or  contain  it  in  some  unusual  combination.  The  feces  are  very  rich  in 
calcium,  containing  sometimes  more  than  the  food.  There  is,  in 
fact,  a  flux  of  calcium  through  the  feces.  And  in  these  cases  the 
long  bones  fracture  easily  and  X-ray  examination  shows  a  very  thin 
cortex.  In  other  types  there  are  no  abnormalities  of  this  kind.  Now, 
as  pointed  out  by  Rubner,  we  can  imagine  two  fundamental  causes 
for  the  lack  of  growth;  one,  the  lack  of  what  might  be  called  the 
tendency  to  grow — that  property  which  is  present  in  young  animals, 
but  absent  in  adults — the  other,  the  absence  of  the  material  for 
growth.  And  it  seems  to  me  that  in  these  two  types  we  have  ex- 
amples of  disturbances  of  each  of  these  two  factors.  In  the  one  the 
skeleton  is  growing  as  fast  as  the  material  at  its  command  permits. 
We  might  almost  say  that  it  is  growing  too  fast,  for  it  is  growing  in 
length  at  the  expense  of  solidity.  In  the  other  there  is  no  such 
tendency  to  grow.  There  is  calcium  enough  present  to  form  longer 
bones,  but  there  is  no  tendency  to  form  them.  And  this  kind  of  dis- 
turbance of  bone  nutrition  we  may  refer  to  as  a  quantitative  change, 
for  the  bones  fail  to  grow  in  size.     There  are  two  large  subdivisions 
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of  this  type — one  in  which  the  tendency  to  grow  is  absent,  the  other 
in  which  the  material  for  growth  is  not  available. 

'McCrudden,  American  Journal  of  Physiol.,  XVII,  1906.    32,  and  McCrudden, 

Jour,  of  Biol.  Chem.,  1910,  VII,  191). 

3  Goldthwait,  Painter,  Osgood,  and  McCrudden,  Amer.  Jour,  of  Physiol.,  JJ 
XV,  389. 

8  McCrudden.  Archives  of  Inst.  Med.,  1910.  V.  596. 

•McCrudden  Am.  Jour,  of  Physiol.,  190G,  XVII,  211;  McCrudden  Jour,  of  biol. 
chem.,  1910,  VII,  185. 

5  McCrudden  and  Fales  Arch,  of  Int.  Med.,  1912,  IX,  273. 

6  See  McCrudden  and  Fales  J.  of  exp.  Med.  1912.  XV,  107;  1912,  XV,  113; 
1912,  XV,  450;  1912,  XV,  450;  other  papers  in  press  at  present.  McCrudden 
J.  of  exp.  Med.  1912,  XV,  457 ;  other  papers  in  press. 


THE  ROLE   OF  PROTEINS  IN  GROWTH. 

Dr.  Lafayette  B.  Mendel,  Professor  of  Physiological  Chemistry,  Sheffield 
Scientific  School  of  Yale  University,  New  Haven,  Conn. 

The  progress  of  physiology  has  brought  an  appreciation  of  two 
fundamental  factors  in  growth,  each  of  which  has  been  the  subject 
of  misconception  in  the  past.  The  primary  feature  in  the  secret  of 
growth  is  the  growth  impulse,  or  what  has  variously  been  termed  the 
"  capacity  to  grow,"  "  Wachstumstrieb,"  "  Wachstumsf  ahigkeit "  or 
"  Wachstumsmoglichkeit."  This  is  inherent  in  the  organism  itself 
and  is  peculiar  to  the  species.  The  other  modifying  factor  in  growth 
deals  with  the  nutrition  of  the  individual.  Each  of  these  functions 
is  amenable  to  experimental  investigation. 

In  the  past  some  confusion  has  existed  regarding  the  interrelation 
of  the  food  supply  and  growth.  Obviously  there  is  a  minimum  re- 
quirement of  nutrient  intake  below  which  material  gains  are  im- 
possible in  the  growing  organism.  It  must  not  be  assumed,  how- 
ever, that  growth,  in  its  physiological  aspects,  is  completely  checked 
when  the  food  consumption  approaches  the  energy  requirement  for 
maintenance  alone.  The  possibility  of  growth  under  adverse  condi- 
tions of  feeding  has  been  discussed  at  length  by  Aron.1 

Equally  untenable  is  the  view  that  abundance  of  food  is  the  cause 
of  growth  in  the  formative  period.  Numerous  observations  have 
led  to  the  conclusion  that  there  is  a  direct  proportionality  between 
growth  and  the  calorific  value  of  the  food  intake;  and  upon  this 
certain  so-called  laws  of  growth  have  been  formulated.  It  must 
be  borne  in  mind  that  such  attempts  at  a  mathematical  expression 
of  the  facts  of  experience  are  based  upon  observations  involving, 
with  slight  variation  only,  a  single  type  of  diet,  namely,  milk. 
Whether  they  will  apply  with  equal  force  or  accuracy  when  the 
range  of  our  experimental  experience  with  wider  variations  in  the 
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qualitative  make-up  of  the  dietary  has  been  somewhat  extended  re- 
mains to  be  seen.  The  older  ideas  regarding  the  heightened  character 
of  metabolism  during  growth  have  been  modified  by  a  better  under- 
standing of  the  conditions  governing  the  energy  exchange  in  general. 
The  consensus  of  opinion  at  the  present  moment  supports  Rubner's 
contention  that  the  metabolism  in  growth  is  essentially  proportional 
to  size,  precisely  as  it  is  in  adults.2  The  metabolism  per  unit  of 
surface  area  is  practically  the  same  under  comparable  conditions  of 
activity  and  diet. 

Despite  the  importance  of  a  comprehensive  consideration  of  the 
calorific  needs  and  the  exchange  of  energy  for  the  developing  or- 
ganism, it  must  not  be  allowed  to  overshadow  or  obscure  the  part 
which  the  individual  nutrients  play  in  growth.  The  chemical  as- 
pects of  nutrition  have  a  bearing  quite  as  significant  as  the  energy 
requirement.  Only  in  recent  years  has  science  begun  to  furnish 
striking  facts  of  the  chemical  and  biological  variations  in  the  food 
and  tissues  of  animals.  Quoting  from  a  recent  address  of  my 
colleague,  Dr.  T.  B.  Osborne: 

It  is  evident  that  structural  differences  exist  between  Aery  similar  proteins 
of  different  origin,  and  it  is  interesting  to  note  that  chemically  identical  pro- 
teins apparently  do  not  occur  in  animals  or  plants  of  different  species  unless 
these  are  biologically  very  closely  related.  In  this  respect  the  proteins  are  in 
marked  contrast  to  the  other  constituents  of  plants  and  animals,  for  not  only 
do  identically  the  same  sugars  and  fats  occur  in  many  species  of  plants  and 
animals,  but  many  of  these  are  common  to  both  forms  of  life.  It  thus  appears 
that  the  chemical  constitution  of  the  proteins  is  closely  connected  with  the 
biological  relations  of  the  forms  of  life  which  produce  them,  and  that  the 
morphological  differences  between  species  find  their  counterpart  in  the  protein 
constituents  of  their  tissues.3 

The  conflicting  views  which  have  been  held  since  Liebig's  time 
regarding  the  significance  of  protein  in  nutrition 4  have  had  their 
counterpart  in  the  explanation  of  growth.  Voit  assumed  that  the 
protein  metabolism  of  the  growing  organism  is  unlike  that  of  the 
adult.  "  Es  steht  fest,"  he  writes,  *'  dass  im  noch  wachsenden  Or- 
ganismus  die  Bedingungen  fur  den  Eiweisszerfall  ungleich  ungiin- 
stiger  sind  als  beim  Ausgewachsenen,  womit  eben  das  rasche  Wach- 
stum  der  Organen  zusammenhangt." 5  In  an  important  monograph 
on  "  Ernahrungsvorgange  beim  Wachstum  des  Kindes,"  Kubner 6  has 
duly  emphasized  the  inadequacy  of  the  theories  which  associated 
growth  with  a  decreased  power  of  protein  katabolism  in  the  body. 
He  has,  further,  made  it  evident  by  his  well-known  researches,  par- 
ticularly with  Heubner,  that  the  diet  of  the  infant  is  in  general  low 
in  protein  rather  than  the  reverse,  which  is  commonly  assumed. 
How  low  the  protein  intake  may  remain  is  exemplified  by  the  fol- 
lowing data:  For  growth,  7  per  cent  of  the  total  energy  intake; 
for  maintenance,  5  per  cent  of  the  total  energy  intake. 
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Quoting  Rubner: 

Gibt  man  aber  grtfssere  Eiweissmengen  In  der  Koel  des  Sauglin 
Wachstum  nlchl  der  Eiweisemenge ;  das  Wachstum  1st  elne  Funktion  dor  Zelle, 
es  kann  durcb  unzureichende  Eiweisszufulir  latent  vrerden,  aber  Elweisa  vermag 
uiciii  die  Wachstumsschnelllgkelt  (iber  die  von  der  Natur  gestecl  enzen  zu 

beben  (p.  110). 

The  well-known  analyses  of  Bunge  and  Abderhalden,7  showing 
the  close  parallelism  between  the  rapidity  of  growth  and  the  con- 
centration of  protein  and  ash  in  the  milk  of  various  species,  have 
been  cited  as  illustrations  of  a  causal  relation  between  proteins  and 
growth.     Of  these  interesting  studies  Minot  has  written  : 

It  is  obvious  tbat  tbe  less  the  proteid  in  the  milk,  the  longer  does  the  species 
require  to  double  its  weight.  This  looks  at  first  sight  as  if  there  were  a 
relation  between  the  composition  of  the  milk  and  the  period  of  growth  of  the 
animal ;  but  you  know  very  well  that  if  you  take  the  milk  of  a  cow,  which 
is  very  much  richer  in  proteid  material,  and  feed  it  to  a  baby,  a  human  baby, 
that  baby  does  not  grow  at  the  same  rate  as  the  young  cow,  but  grows  at  the 
human  rate.  It  is  obvious,  therefore,  that  it  is  somewhat  more  complicated 
than  a  mere  question  of  food  supply.  We  have  here  in  fact  one  of  the  beau- 
tiful illustrations  of  the  teleological  mechanism  of  the  body.  These  various 
species  have  their  characteristic  rates  of  growth,  and  by  an  exquisite  adapta- 
tion, the  composition  of  the  mother's  milk  has  become  such  that  it  supplies 
the  young  of  the  species  each  with  the  proper  quantum  of  proteid  material 
which  is  needed  for  the  rate  of  growth  that  the  young  offspring  is  capable  of. 
It  is  a  beautiful  adjustment,  but  there  is  not  a  causal  relation  between  the 
proteid  matter  of  the  mother's  milk  and  the  rate  of  growth  of  the  young.  It 
is  an  example  of  correlation,  not  of  causation.8 

No  one  to-day  will  gainsay  that  marked  chemical  and  biological 
differences  exist  between  proteins  from  different  sources.  These 
inequalities  have,  until  quite  recently,  not  been  made  the  subjeec 
of  investigation  in  relation  to  their  possible  significance  for  nutri- 
tion. It  has,  as  everyone  knows,  been  intimated  now  and  then  that 
the  supposed  chemical  unlikeness  of  the  milk  proteins  of  different 
species  may  influence  their  value  in  artificial  infant  nutrition.  Some 
of  the  views  have  lost  their  justification  by  the  later  demonstration 
of  the  extent  to  which  proteins  are  disintegrated  prior  to  absorption 
and  reconstruction,  and  of  the  synthetic  power  of  organism.9  The 
facts  until  lately  available  have,  however,  not  justified  any  final 
pronouncement. 

The  question  of  relative  digestibility  has  also  ceased  to  evoke  thy 
widespread  interest  which  it  once  attracted.  How  firmly  erroneous 
doctrines  may  become  established  is  exemplified  in  the  long  vogue 
which  Biedert's  teaching  regarding  the  comparative  indigestibility  of 
cow's  casein  in  the  alimentary  tract  of  the  human  infant  has  experi- 
enced. The  incorrectness  of  this  has  been  established  by  the  dem- 
onstration that  the  assumed  undigested  casein  flocks  of  the  stools  of 
infants  nourished  on  cow's  milk — upon  the  appearance  of  which 
Biedert's  assumptions  were. based — are  in  reality  not  protein  at  all. 
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but  as  a  rule  are  made  up  of  insoluble  soaps,  etc.  Indeed,  Heubner 
and  Czerny  have  both  defended  the  adequate  digestibility  and  harm- 
lessness  of  the  foreign  milk  proteins. 

A  strict  comparison  of  proteins  from  unlike  sources  or  of  unlike 
properties  was  impossible  so  long  as  knowledge  was  lacking  regard- 
ing the  "  building  stones  "  which  they  can  furnish.  Now  that  it  is 
clear  that  an  individual  constructs  from  its  food  proteins  tissue  pro- 
teins whose  composition  is  decidedly  unlike  that  of  casein  or  its  com- 
panion proteins  in  milk,  too  much  stress  need  perhaps  not  be  laid  on 
minor  differences  in  the  content  of  different  building  stones.  This 
does  not  imply  that  differences  of  composition  are  no  longer  of 
import  in  nutrition.  The  point  to  be  emphasized  is  that  the  facts 
as  yet  at  our  disposal  are  too  meager  in  most  directions  to  enable 
this  chapter  to  be  closed.  In  certain  fruitful  fields  of  study,  such 
as  the  interrelation  of  protein  and  inorganic  salt  metabolism,  scarcely 
more  than  a  beginning  has  been  made.  Furthermore,  there  has  been 
a  neglect  of  most  of  the  dietary  proteins  aside  from  those  of  milk, 
despite  the  obvious  fact  that  in  both  man  and  animals  other  foods 
enter  largely  into  the  dietary  of  the  formative  period. 

Among  the  decisive  reasons  for  the  limited  progress  the  lack  of  a 
really  successful  method  of  artificial  feeding,  i.  e.,  the  employment 
of  mixtures  of  isolated  foodstuffs  has  been  foremost.  That  this  plan 
of  feeding  approaches  the  ideal  one  was  early  recognized  by  Carl 
Voit.     He  wrote,  in  1881 : 

Zu  dem  Zwecke  wlire  es  unstreitig  am  besten,  konnte  man  nur  reine. 
cbemiscbe  Verbindungen  (die  reinen  Nabrstoffe)  z.  B.  reines  Eiweiss,  Fett, 
Zucker,  Srarkeinebl,  Ascbebestandtbeile,  oder  Gemische  derselben  geben.  Da 
aber  die  Menschen  imd  auch  die  Thiere  nur  selten  solche  geschmacklose  Ge- 
mege  anf  die  Dauer  anfzunehmen  oder  zu  ertragen  vermogen,  so  bleibt  fur  die 
meisten  Falle  nicbts  anderes  iibrig  als  scbon  durcb  die  Natur  zusammenge- 
setzte  Mischungen  (die  Nabrungsmittel)  zu  wablen.  Jedocb  ware  es  wobl 
moglicb  und  ganz  verdienstvoll,  die  Grundversuche,  nacbdem  vorber  der  Weg 
mit  Hilfe  der  letzteren  Miscbungen  gefundeu  worden  ist,  mit  den  reinen  Stoffen 
zu  wiederbolen,  obwobl  sich  dabei  sicberlicb  im  Wesentlicben  keine  anderen 
Besultate  ergeben  werden.10 

Rohmann  n  has  conducted  investigations  for  several  years  in  this 
fashion,  but  the  detailed  results  of  his  work  are  not  yet  available, 
lief  erring  to  experiments  on  mice  he  states  (1908)  that  "  die  verschie- 
denen  Eiweissstoffe  eine  verschiedene  Bedeutung  fiir  die  Ernahrung 
und  besonders  fiir  die  Entwicklung  jugendlicher  Wesen  besitzen." 

Osborne  and  I  have  undertaken  in  the  past  three  years  to  apply 
the  method  of  feeding  isolated  food  substances  to  the  study  of  the 
role  of  proteins  in  nutrition.12  The  failures  of  earlier  investigators 
are  discussed  in  our  Carnegie  Publication  156,  where  the  literature 
he  subject  is  reviewed.  We  early  found  that  it  is  necessary  to 
differentiate  sharply  between  maintenance  and  growth  in  nutrition, 
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a  distinction  too  frequently  overlooked  in  the  past.  A  man  who 
maintains  his  weight  may  be  in  excellent  nutritive  condition,  but  a 
child  which  does  likewise  is  failing  to  grow.  One  part  of  an  organ- 
ism may  thrive  at  the  expense  of  other  tissues.  The  complexity  of 
such  relationships  of  proportionate  growth  demands  consideration. 

We  have  selected  the  changes  in  the  body  weight  of  the  white  rat 
as  the  most  satisfactory  index  of  the  rate  of  growth  in  our  experi- 
ments. This  animal  is  easily  reared  and  cared  for,  and  its  small  size 
reduces  the  food  requirement  to  a  magnitude  which  falls  within  the 
lange  of  experimental  possibility  where  the  preparation  of  special 
dietaries  by  laborious  processes  is  a  fundamental  prerequisite.  Fur- 
thermore, the  longevity  of  this  animal  is,  according  to  Donaldson, 
about  three  years;  so  that  the  first  year  of  life  corresponds  to  a 
long  span  in  terms  of  human  years.  Not  insignificant  is  the  addi- 
tional fact  that  the  white  rat  has  in  recent  years  been  made  the 
subject  of  exceptionally  extensive  measurements  in  respect  to  growth 
and  various  features  of  development  at  the  Wistar  Institute  in  Phila- 
delphia. In  this  way  physical  standards,  so  to  speak,  have  been 
established  for  this  animal.  Monotony  of  diet  and  the  possibility  of 
maintaining  rats  in  health  for  long  periods  under  the  enforced  re- 
straint of  cage  conditions  have  not  proved  to  be  hindrances  to  suc- 
cess. The  records  of  rats  fed  for  periods  of  one  to  two  years  on  an 
unvaried  daily  diet  leave  no  room  for  doubt  in  this  direction. 

It  is  scarcely  necessary  to  remark  that  a  suitable  quota  of  inor- 
ganic nutrients  must  be  furnished  in  every  successful  dietary.  The 
importance  of  this  gains  an  unsuspected  prominence  when  one  plans 
experiments  with  isolated  food  substances;  for  with  the  ordinary 
natural  food  mixtures  a  reasonable  modicum  is  already  provided. 
We  are  convinced  from  an  extensive  experience  that  many  failures 
to  promote  growth  in  experiments  on  artificial  nutrition  have  cen- 
tered in  the  inorganic  food  ingredients  of  the  selected  dietaries. 
After  very  numerous  failures  to  effect  growth  under  artificial  dietary 
conditions  in  which  rats  were  still  adequately  maintained,  it  occurred 
to  us  to  adopt  the  desired  constituents  from  milk  which  has  been 
found  to  contain  the  nutrient  factors  essential  to  success.  By  re- 
moval of  fat  and  protein  a  "  protein-free  milk  "  was  prepared  con- 
taining the  milk  sugar  in  addition  to  inorganic  salts  and  other  as 
yet  unknown  components  of  the  milk.  This  was  at  once  found  to 
facilitate  growth  remarkably  when  it  supplied  the  inorganic  com- 
ponents (and  part  of  the  carbohydrate)  of  the  food.  Thus  by  the 
use  of  "  protein-free  milk  to  furnish  the  "  accessory  "  portions  of 
the  diet  the  relative  deportment  of  different  proteins  in  growth  could 
be  investigated.  Latterly  Osborne  and  I  have  further  succeeded  in 
imitating  the  inorganic  make-up  of  the  natural  "  protein-free  milk  " 
by  uniting  the  various  ions  shown  by  analysis  to  be  therein  into  an 
66692— vol  2,  pt  1—13 28 
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artificial  salt  mixture.13  This  too  has  proved  to  be  reasonably  suc- 
cessful as  a  diet  adjuvant;  and  the  results  furnish,  so  far  as  we  are 
aware,  the  first  published  records  of  sucessful  feeding  experiments  in 
which  prolonged  growth  has  been  induced  with  carefully  purified 
isolated  foodstuffs  and  artificial  salt  mixtures.14  By  prolonged 
growth  we  refer  to  the  capacity  of  the  animals  to  triple  or  quad- 
ruple their  weight. 

From  the  outcome  of  the  experiments  directed  especially  to  a 
consideration  of  the  protein  factor  (which  alone  concerns  us  in  this 
review)  we  can  now  report  that  growth  can  be  induced  by  mixtures 
in  which  the  nitrogenous  component  of  the  diet  is  furnished  by  a 
single,  carefully  purified  protein.  The  simplest  food  mixtures  with 
which  characteristic  growth  curves  have  been  obtained  have  been 
made  up  of  only  one  protein,  starch  and  sugar,  and  the  artificial 
salt  mixture,  i.  e.,  they  have  been  fat — and,  presumably,  lipoid — free.15 
Adequate  growth  has  been  secured  with  casein  from  cow's  milk, 
lactalbumin  from  cow's  milk,  ovalbumin  from  hen's  egg^  ovovitellin 
from  hen's  egg^  edestin  from  hempseed,  cannabin  from  hempseed, 
glutenin  from  wheat,  glycinin  from  the  soy  bean,  globulin  from  the 
squashseed,  globulin  from  cottonseed,  excelsin  from  the  Brazil  nut, 
and  glutelin  from  maize. 

Not  all  proteins  suffice  to  promote  growth  under  otherwise  fa- 
vorable conditions.  The  giiadin  of  wheat  and  rye  (notably  deficient 
in  glycocoll  and  lysine,  and  rich  in  glutaminic  acid)  and  the  hor- 
dein  of  barley  (closely  resembling  giiadin  in  chemical  constitution) 
suffice  for  maintenance  without  growth.  Animals  nourished  on  them 
over  long  periods  exhibit  an  interesting  type  of  stunted  condition 
resembling  properly  nourished  younger  animals  which  have  at- 
tained the  same  body  weight.  The  animals  dwarfed  by  long  periods 
of  inappropriate  protein  feeding  have  not  lost  the  capacity  to  grow. 
This  easily  attained  form  of  animal  infantilism  offers  opportunity 
for  the  investigation  of  numerous  problems  of  broad  pathological 
interest  and  scope. 

The  insufficiency  of  proteins  for  either  maintenance  or  growth  is 
exemplified  in  nutrition  trials  with  the  albuminoid  gelatin  and  the 
alcohol-soluble  zein  of  maize.  On  each  of  these  the  animals  speed- 
ily decline.  These  proteins  are  not  toxic  per  se;  for  with  a  suit- 
able admixture  of  adequate  proteins  growth  can  apparently  be  re- 
stored. It  is  a  significant  fact  that  whereas  satisfactory  growth  is 
possible  with  a  wide  variety  of  isolated  single  proteins  as  the  source 
of  nitrogen,  adequate  growth  has  not  been  observed  with  any  of  the 
various  groups  of  proteins  which  are,  from  the  chemist's  standpoint, 
notably  incomplete.  It  is  far  too  early  in  our  progress  into  the 
structural  composition  of  the  proteins  to  claim  any  even  approxi- 
mate conception  of  the  chemical  arrangement  within  these  complex 
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substances;  but  we  know  that  certain  among  those  included  in  the 
list  studied  above  lack  one  or  more  of  the  familiar  amino-acids 
which  are  commonly  constituents  of  the  albuminous  compounds. 
Thus  wheat  and  rye  gliadin  as  well  as  the  hordein  of  barley,  are 
deficient  in  glycocoll  and  lysine,  while  zein  is  further  devoid  of 
tryptophane.10  Gelatin,  with  its  lack  of  tyrosine,  tryptophane,  and 
cystine  has  long  been  known  to  be  inefficient  as  the  sole  source  of 
food  nitrogen  in  animals.  But  it  would  be  unjustifiable  to  postu- 
late the  nutritive  inefficiency  of  a  protein  on  the  basis  of  the  lack 
of  a  single  amino-acid,  at  any  rate;  for  casein,  devoid  of  glycocoll, 
has  proved  to  be  most  efficient  as  a  source  of  nitrogen  in  animal 
growth. 

Despite  the  fact  that  the  modern  methods  of  protein  hydrolysis 
and  amino-acid  analysis  indicate  that  these  proteins  are  as  "com- 
plete "  as  those  of  most  other  seeds,  we  have  not,  as  yet,  been  suc- 
cessful in  inducing  growth  with  diets  in  which  leguminous  proteins, 
other  than  those  from  the  soy  bean,  have  been  the  sole  sources  of 
nitrogen  in  the  diet.  It  is  too  early,  however,  to  formulate  any 
satisfactory  explanation. 

The  methods  of  feeding  introduced  by  us  give  a  useful  means  of 
testing  the  protein  requirement  of  growth  under  controllable  con- 
ditions. From  our  observations  on  rats  it  has  been  noted  that  the 
lower  limit  of  growth,  under  the  conditions  of  diet  represented  and 
the  protein  used,  was  reached  with  about  6  per  cent  of  protein  calories 
in  the  food  mixtures.  With  14  to  15  per  cent  of  protein  calories 
an  adequate  growth  rate  was  secured  and  this  was  not  facilitated  by 
an  excess  of  protein  over  this  amount.17  Obviously,  then,  growth  is 
not  proportional  to  the  protein  intake  although  a  certain  minimum 
level  of  protein  may  lead  to  maintenance  without  growth. 

Wherein  the  incapacity  of  some  of  the  proteins  used  lies  we  are 
not  prepared  to  say.  It  must  be  noted  that  growth  has  not  been 
accomplished  with  any  protein  lacking  the  cyclic  groups  such  as  are 
found  in  tyrosine  and  tryptophane.18  W.  A.  Osborne  has  indeed 
put  forth  the  hypothesis  that  "  cyclopoiesis "  in  this  sense  is  a 
property  of  the  plant  cell,  the  animal  organism  being  "  acyclo- 
poietic"  and  to  this  degree  dependent  on  plant  life  for  certain  types 
of  structural  foods.  That  these  "inefficient"  proteins  are  not  pri- 
marily toxic  to  the  organism  is  shown  by  the  fact  that  we  have  found 
many  of  them  to  be  adequate  for  maintenance  in  both  growing  and 
adult  organisms;  whereas,  as  is  well  known,  others  like  zein  and 
gelatin  by  themselves  do  not  even  suffice  for  this  function.  Further- 
more, admixtures  of  small  proportions  of  efficient  proteins  suffice  to 
induce  growth  or  maintenance,  as  the  case  may  be.  It  may  not  as 
yet  be  justifiable  to  claim  a  complete  normal  development  of  the 
individuals  under  the  artificial  conditions  created.     If  we  turn  to 
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the  familiar  facts  of  infant  nutrition,  it  has  been  pointed  out  that 
many  children  showing  apparently  adequate  gains  of  weight  may 
give  evidence  of  anemic  conditions  and  flabby  musculature.  When 
they  are  subjected  to  some  unusual  physiological  strain  they  may 
collapse  in  ways  not  usual  in  the  case  of  truly  normal  infants.  In 
exemplification  of  this  is  the  clinical  picture  occasionally  presented 
by  an  "artificially"  nourished  infant.  Further  investigation,  in- 
cluding both  chemical  and  histological  investigation  of  the  tissues, 
breeding  trials,  immunity  studies  and  other  inquiries  may  be  called 
for. 

As  I  have  written  elsewhere,  to  the  biological  chemist  no  feature 
of  these  problems  appeals  more  strongly,  perhaps,  than  the  question 
of  how  an  organism  can  build  such  diverse  nitrogenous  tissues  from 
a  single  dietary  protein.  It  is  true  that  the  newer  conceptions  of 
the  extensive  role  of  hydrolysis  in  digestion  prior  to  absorption  have 
extended  the  inquiry  a  step  further,  so  that  we  may  ask  what  is  the 
minimum  of  this  or  that  amino-acid  or  simple  polypeptide  required. 
But  we  have  seen  rats  grow  for  months  with  casein — thoroughly 
purified  and  presumably  glycocoll-free — as  the  sole  source  of  these 
amino-acids.  During  this  time,  one  animal  even  brought  forth  two 
broods  of  young  and  secreted  milk  in  sufficient  quantity  to  bring  her 
young  to  the  age  when  they  were  able  to  care  for  themselves.  An- 
other pair  of  rats  maintained  178  days  on  gliadin  as  the  sole  protein 
of  the  diet  produced  healthy  young  and  successfully  reared  them. 
It  is  most  unlikely,  from  all  that  is  otherwise  known,  that  the  tissues 
of  our  experimental  animals  are  chemically  imperfect  or  essentially 
unlike  those  of  normally  fed  rats  which  presumably  do  contain  glyco- 
coll  and  lysin  groups.  We  are  just  beginning  to  appreciate  the 
ultimate  synthethic  capacities  of  animal  cells.  Physiologists  have 
been  slow  to  admit  the  possibility  of  a  synthesis  of  amino-acids  de 
novo  in  the  body.  The"  evidence  in  the  case  of  glycocoll  seems  be- 
yond dispute.19  Other  accumulating  data  are  beginning  to*  oint  in 
the  direction  of  the  synthetic  capacity  of  animal  cells.20  The  con- 
struction of  glycocoll  in  our  growing  rats,  fed  on  the  glycocoll-free 
protein  casein,  must  be  assumed,  either  in  their  body  cells  or  possibly 
through  the  agency  of  symbiotic  intestinal  bacteria.  And  when  it  is 
recalled  that  all  of  our  experimental  diets  are  purine-free  and  some 
wholly  free  from  organically  combined  phosphorus,  the  role  of 
synthesis  at  once  becomes  more  conspicuous.  Phosphoproteins  and 
nucleoproteins  must  be  formed  in  such  organisms  through  channels 
which  unquestionably  call  for  complex  synthetic  performances.21 
To  what  extent  and  in  what  directions  these  are  possible  remains  for 
the  future  to  disclose.  The  possibility  of  raising  a  young  animal 
through  the  major  part  of  its  period  of  active  growth,  during  which 
its  body  weight  is  multiplied  several  times,  on  a  mixture  of  carefully 
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purified  protein,  starch,  sugar,  fats,  and  inorganic  salts  has  been 
established.  Thus  some  of  the  physiological  problems  with  respect 
to  the  role  of  proteins  in  growth  have  been  brought  still  nearer  to  the 
possibility  of  successful  experimental  attack. 
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DIRECT    CALORIMETRY    OF    INFANTS,    WITH    A    COMPARISON    OF 
THE  RESULTS  OBTAINED  BY  THIS  AND  OTHER  METHODS. 

John  Howland,  Professor  of  Pediatrics,  Johns  Hopkins  University,  Baltimore,  Md. 

By  the  determination  of  the  respiratory  exchange  of  infants  a  more 
intimate  knowledge  of  their  life  processes  has  been  sought.  The 
earlier  attempts  in  this  direction  were  made  with  unsatisfactory 
apparatus,  gave  equivocal  results,  and  lead  to  improper  conclusions. 
It  was  not  until  1898  and  1899  that  trustworthy  data  were  published 
by  Rubner  and  Heubner.  For  many  years  this  was  the  only  infor- 
mation available.  More  recently  the  subject  has  received  new  inter- 
est by  the  publications  of  Schlossmann  and  Murschhauser  and  Nie- 
mann. By  these  authors  the  heat  production  of  the  infants,  when 
determined,  was  calculated  indirectly  from  the  carbon  dioxid  excre- 
tion, with  the  aid  of  chemical  analyses  of  the  ingested  food  and  the 
excreta. 

In  a  series  of  experiments,  the  results  of  which  I  have  published 
only  in  outline,  the  heat  production  was  directly  measured  in  addi- 
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tion  to  the  usual  determination  of  the  carbon  dioxide  excretion  and 
the  oxygen  consumption.  This  offers  an  opportunity  for  a  com- 
parison of  the  results  obtained  by  the  various  experimenters.  And 
yet  comparison  is  difficult,  for  the  reason  that  the  observations  have 
been  made  with  different  varieties  of  apparatus  that  have  compelled 
the  experiments  to  be  carried  on  under  widely  differing  conditions. 

The  experiments  of  Rubner  and  Heubner  and  Niemann  were  made 
with  a  modified  Pettenkofer-Voit  apparatus  especially  constructed 
for  the  purpose.  But  for  reasonable  accuracy  with  this  apparatus 
determinations  over  long  periods  are  necessary,  and  as  the  experi- 
ments were  planned  to  ascertain  the  total  daily  metabolism  they 
were  carried  out  through  as  many  hours  of  the  24  as  possible,  usually 
20.  The  remaining  4  hours  were  passed  out  of  the  respiratory 
chamber  while  the  infant  was  being  fed  and  bathed.  Even  if  we 
consider  that  this  instrument  is  sufficiently  accurate,  and  that  the 
opening  and  closing  of  the  chamber  six  times  do  not  seriously  inter- 
fere with  the  determinations,  a  great  source  of  error  is  introduced 
by  the  child's  being  sometimes  asleep  and  sometimes  awake  and  active. 
The  conditions  of  two  experiments^  even  with  the  same  child,  are 
never  comparable,  for  the  effect  of  active  exercise  upon  metabolism, 
even  that  of  a  small  infant,  is  very  great.  It  has  been  said  that  the 
amount  of  work  that  can  be  performed  by  an  infant  is  insignificant 
in  amount  and  not  sufficiently  large  to  cause  much  variation  in  the 
metabolism  between  waking  and  sleeping  hours.  Schlossman,  how- 
ever, found  an  increase  of  nearly  60  per  cent  in  the  carbon  dioxide 
excretion  of  an  actively  crying  child  over  the  time  when  he  was 
asleep,  and,  as  may  be  seen  from  Chart  I,  I  obtained  differences  in 
the  heat  production,  directly  measured,  of  17.6  and  39  per  cent 
between  periods  of  quiet  sleep  and  active  struggling  and  crying. 

A  great  difficulty  with  the  use  of  the  Pettenkofer-Voit  appara- 
tus lies  in  the  fact  that  the  metabolism  of  part,  and  part  only, 
of  the  waking  hours  is  determined.  The  four  hours  spent  out- 
side of  the  chamber  are  all  waking  and  active  periods,  and  the 
metabolism  of  these  hours  can  not  be  measured  or  even  approxi- 
mately estimated,  for  it  would  not  be  fair  to  consider  the  res- 
piratory exchange  during  this  period  equal  to  that  of  a  similar 
period  spent  within  the  chamber,  and  the  periods  of  waking  and 
sleeping  of  a  child  in  a  metabolism  frame  that  can  not  be  reached 
to  be  quieted  are  not  as  regular  as  those  of  one  not  in  such  a  posi- 
tion. It  is  probably  on  this  account  that  results  from  day  to  day 
with  the  Pettenkofer-Voit  apparatus,  even  with  the  same  child, 
have  varied  so  greatly.  Thus,  in  one  experiment  lasting  six  days 
and  divided  into  three  periods  of  two  days  each,  the  heat  production 
in  the  first  period  was  1,200  calories  per  square  meter  of  body  surface ; 
in  the  second  period,  1,355  calories;  and  in  the  third  period,  1,436 
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calories.  The  carbon  dioxide  excretion  rose  from  180.2  grams  per 
day  to  217.9  grams  in  the  same  experiment.  It  is  likely  that  with  an 
average  of  a  great  many  days,  and  with  a  child  accustomed  to  the 
experiment,  the  error  due  to  this  cause  would  be  reduced,  but  it 
seems  probable  that  the  lowest  figure  obtained,  rather  than  an 
average  of  many  figures,  would  give  a  result  more  nearly  like  that 
that  would  be  found  provided  normal  conditions  could  obtain.  The 
criticism  of  this  method  must  therefore  always  remain  that,  while  it 
gives  the  carbon  dioxide  excretion  and,  by  calculation,  the  heat  pro- 
duction of  the  greater  part  of  a  day,  which  neither  of  the  other 
forms  of  apparatus  can  do,  the  results,  when  applied  to  a  whole  day, 
as  is  usually  done,  can  be  at  best  only  approximate. 

The  Zuntz  and  Oppenheimer  modification  of  the  Regnault-Reiset 
apparatus,  with  which  Schlossmann's  observations  were  made,  com- 
pels different  conditions  of  experimentation.  The  determinations 
can  never  be  interrupted  as  resumption  is  impossible.  The  pe- 
riods must  therefore  be  of  short  duration  to  allow  for  feeding. 
Calculations  of  the  heat  production  with  the  aid  of  this  instru- 
ment have  rarely  been  attempted,  but  it  directly  determines  the 
carbon  dioxide  and  oxygen.  Schlossmann  and  his  coworkers  had 
difficulty  in  obtaining  long  periods  of  sleep,  even  at  night,  and  they 
early  recognized  that  the  unavoidable  movements  during  the  waking 
hours  had  a  marked  influence  upon  the  carbon  dioxide  excretion. 
They  believed,  also,  that  the  effect  of  starvation  was  shown  during 
the  last  four  hours  of  an  eight-hour  period.  For  these  reasons,  in 
all  of  their  recent  experiments,  only  short  periods  have  been  used. 

The  theory  of  the  Atwater-Rosa-Benedict  apparatus,  with  which 
I  have  worked,  does  not  require  detailed  description.  It  directly 
measures  the  heat  production,  as  well  as  the  carbon-dioxide  excre- 
tion and  the  oxygen  consumption.  It  early  became  apparent  to  us, 
just  as  it  did  to  Schlossmann,  that  muscular  exercise  had  such  a 
profound  effect  on  the  carbon-dioxide  excretion  and  the  heat  produc- 
tion, as  may  be  seen  from  the  protocols  of  many  of  the  experiments, 
but  particularly  from  the  two  to  which  I  have  drawn  attention,  that 
comparable  conditions  could  not  obtain  except  during  quiet  sleep. 
For  this  reason,  although  the  metabolism  of  many  waking  hours 
was  determined,  only  that  of  the  sleeping  hours  has  been  used  for 
comparison. 

In  order  to  induce  as  quiet  sleep  as  possible,  the  infants  were 
accustomed  to  wearing  the  rectal  thermometer  for  several  days 
before  the  experiments,  and  were  kept  awake  during  the  forenoon. 
In  the  afternoon,  after  being  fed  and  put  into  the  calorimeter,  they 
almost  always  went  promptly  to  sleep.  It  was  possible  to  tell  by 
observation  and  by  the  variations  of  the  temperature  of  the  air  in 
the   calorimeter   and   of   the   child's   temperature   whether  he   was 
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quiet  or  not,  but  the  ingenious  method  of  Benedict  will,  in  future 
experiments,  allow  of  still  better  control  in  regard  to  this.  With 
this  apparatus,  just  as  with  the  Zuntz-Oppenheimer  apparatus,  we 
are  enabled  to  compare  the  energy  exchange  of  infants  and  the  effect 
on  this  of  the  different  foods  and  of  different  environment,  lint 
we  can  not  determine  the  metabolism  of  a  whole  day. 

As  concerns  the  accuracy  of  the  various  forms  of  apparatus,  it 
seems  only  fair  to  demand  that  all  control  determinations  of  carbon 
dioxide  and  oxygen  be  made  with  amounts  as  small  as  those  that 
would  be  determined  in  the  case  of  an  infant.  This  has  usually 
not  been  the  case.  But  the  calorimeter  with  which  my  results 
were  obtained  leaves  little  to  be  desired  in  point  of  accuracy.  It 
was  designed  and  constructed  by  Dr.  H.  B.  Williams  especially  for 
infants  and  small  animals.  Numerous  control  experiments  showed 
that  the  error  in  carbon  dioxide  and  oxygen  with  amounts  of  5  to  7 
grams  per  hour  was  not  more  than  2  per  cent,  and  that  the  error  in 
the  heat  determination  of  10  calories  per  hour  wras  2J  per  cent  or  less. 

Greater  accuracy  than  this  is  not  required  and  appears  unimpor- 
tant to  strive  for  when  the  very  great  error  which  occurs  in  any 
method  of  determining  the  surface  area  of  an  infant  is  considered. 
This  is  an  important  factor  in  preventing  an  accurate  comparison 
between  the  results  obtained  with  different  infants,  and  yet  it  is  in 
terms  of  surface  area  that  we  must  compare  them  since  the  enuncia- 
tion of  the  law  of  Rubner. 

The  determination  of  the  surface  of  human  beings  was  first  under- 
taken by  Meeh.  His  object  was  to  obtain  a  formula  for  all  ages 
and  his  observations  included  only  three  infants,  and  these  well 
nourished.  The  basis  for  his  formula  was  the  determination  of 
Moleschott  that  the  volume  of  bodies  of  similar  composition  varies 
in  the  ratio  of  the  cube  root  of  their  weight,  and  that  their  surface 
areas  vary  in  the  ratio  of  the  square  root  of  their  volume.  The  dif- 
ference between  the  figures  obtained  in  this  way  and  those  from 
actual  measurement  allowed  Meeh  to  determine  a  constant  by  wThich 
his  figures  could  be  multiplied  and  reasonably  accurate  results  ob- 
tained. But  he  appreciated  that  for  children  a  different  constant  should 
be  used  than  for  adults,  and  that  a  smaller  one.  For  this  reason  Rub- 
ner and  Heubner  employed  as  a  constant  11.9  instead  of  Meeh's  12.3. 

More  recently,  Lissauer  has  pointed  out  that  for  any  but  the  well 
nourished,  and  sometimes  for  these,  the  constant  is  very  much  too 
large  and,  on  the  basis  of  12  measurements  of  his  own,  almost  all 
upon  poorly  nourished  children,  he  has  proposed  10.3  as  a  constant. 
Now  while  it  is  true  that  the  formula  with  the  constant  11.9,  which 
Rubner  and  Heubner  and  Schlossmann  have  used,  is  quite  accurate 
for  exceedingly  well-nourished  children,  but  not  always,  as  one  error 
of  15.5  per  cent  shows,  it  is  very  inaccurate  for  poorly  nourished 
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children,  and  yet  by  these  authors  it  has  been  used  for  all  the  infants 
with  which  they  have  experimented,  well  nourished  and  poorly 
nourished  alike.  It  is  apparent  that  a  formula  is  required  that  is 
more  accurate  and  at  the  same  time  applicable  to  both  the  well  and 
the  poorly  nourished.  Simplicity  of  calculation  is  also  to  be  desired. 
In  the  endeavor  to  supply  such  a  formula,  Mr.  E.  T.  Dana  and  the 
writer  made  use  of  the  data  furnished  by  Meeh  and  Lissauer  and  ex- 
pressed them  in  a  formula  of  the  y=mx-\-l>  form,  by  means  of  which 
the  desired  simplicity  and  greater  accuracy  and  applicability  are  ob- 
tained. There  is  no  reason  to  question  the  reliability  of  the  measure- 
ments of  Meeh  and  Lissauer,  and  we  have,  therefore,  employed  all 
their  measurements  but  one,  which  was  so  decidedly  abnormal  and, 
with  any  formula,  gave  such  a  great  error  that  it  should  not  be  con- 
sidered in  the  construction  of  a  formula  that  is  intended  to  express 
the  results  obtained  in  a  general  form. 

AVe  first  determined  that  the  length  of  the  child,  the  circumference 
of  the  chest,  abdomen  or  head  bore  no  constant  relationship  to  the 
surface  area  and  need  not,  therefore,  be  included  in  a  formula,  but 
it  was,  of  course,  readily  seen  that  the  weight  bore  a  very  constant 
and  important  relationship.  The  data  were  plotted,  as  Chart  II 
shows,  and  a  curve  drawn  which  appeared  to  represent  in  the  best 
way  the  conditions.  This  curve,  by  its  distances  from  the  axes  ox 
and  oy,  represents  an  average  of  the  observed  conditions  so  that, 
when  drawn  to  the  proper  scale,  the  point  on  the  curve  or  line  corre- 
sponding to  any  known  weight  of  child  may  be  marked  on  the  chart, 
and  the  corresponding  area  read  off  directly.  Thus,  if  we  have  an 
infant  weighing  7,000  grams  and  we  desire  to  know  his  surface  area, 
we  find  where  the  7,000-gram  line  intersects  the  curve.  From  this 
point,  carrying  a  line  horizontally  to  the  left,  we  find  that  it  inter- 
sects the  y  axis  at  a  point  corresponding  to  4,100  square  centimeters. 
The  small  circles  on  the  chart  are  indicative  of  the  14  observations 
given  in  the  table.  The  curve  was  drawn  as  nearly  as  possible  to  all 
these  points,  so  that  the  average  distance  from  any  point  would  be 
as  small  as  possible. 

In  the  formula  y=mx-\-b,  which  is  the  algebraic  representative  of 
this  geometric  figure,  x  and  y  represent  the  abscissas  and  ordinates 
of  the  curve,  b  represents  the  distance  along  the  y  axis  from  the 
origin  to  where  the  curve  intersects  the  y  axis  and  m  represents  the 
tangent  of  the  angle  that  the  curve  makes  with  the  x  axis. 

In  this  formula,  y  represents  the  surface  area  of  the  child,  x 
represents  the  weight  of  the  child  in  grams,  m  represents  0.483 
and  I  represents  730  square  centimeters.  Having  these  last  three 
quantities,  it  becomes  possible  to  obtain  the  y  or  surface  area  by 
simple  computation.  The  amount  for  u  was  read  directly  from  the 
chart   and  m  was  obtained  by  dividing  5560—730  by  10000.     This 
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formula  has  the  advantages,  as  compared  with  those  of  Lissauer  and 
Meeh,  that  it  is  more  accurate  and  more  generally  applicable;  it  is 
much  simpler  and  is  elastic.  The  relative  accuracy  of  the  various 
formulas  is  shown  in  a  comparative  table  (Chart  III),  giving  the 
calculated  surface  areas  compared  with  the  measured  areas.  It  will 
be  observed  that  the  gross  error  for  the  14  cases  compares  as  follows: 

Meeh's  original  (12.3  constant)  12.4  per  cent  too  largn 

11.9  constant       9  per  cent  too  large. 

10.3  constant       5  per  cent  too  small. 
y=mco-\-b            0 

whereas  the  individual  errors  show  less  departure  from,  and  greater 
consistency  with,  the  observed  facts,  by  means  of  the  new  formula, 
than  by  any  of  the  others. 

The  table  also  shows  that  the  formula  gives  satisfactory  results  for 
ail  classes  of  children,  the  well  and  the  poorly  nourished,  while  the 
other  formulas  that  have  been  proposed  are  not  accurate  in  this 
respect.  Thus,  Meeh's  formula,  with  the  constant  12.3  or  11.9,  is 
fairly  satisfactory  for  wTell-nourished  children,  but  very  bad  for  the 
poorly  nourished,  while  almost  the  exact  opposite  may  be  said  of 
the  formula  with  the  constant  10.3.  The  formula  y=mx-\-bi  com- 
pared with  the  others,  is  very  simple  and  requires  only  a  simple 
multiplication  and  one  addition.  A  still  simpler  method  of  comput- 
ing is  by  direct  readings  from  a  readily  constructed  chart,  such  as 
the  one  shown.  This  formula  has  been  constructed  from  the  data  at 
present  available,  and  can  readily  be  applied  to  any  future  observa- 
tions that  may  be  made.  No  elaborate  calculation  is  necessary  for 
this  purpose.  Future  data  may  be  plotted  upon  a  chart,  and,  if  it 
seems  desirable  to  establish  another  curve  which  would  better  fit  the 
then  existing  facts,  the  same  can  be  done  at  sight,  and  the  new  con- 
stants computed  at  a  moment's  notice. 

On  account  of  the  advantages  of  this  formula,  I  have  calculated  my 
results  with,  it,  and,  for  comparison,  recalculated  the  results  of  others. 

In  my  experiments,  short  periods  only  were  used.  Therefore,  in 
order  to  keep  the  metabolism  as  regular  as  possible,  the  infants  were 
fed  at  4-hour  intervals  throughout  the  24  hours,  or  six  times  daily. 
They  were  put  into  the  calorimeter  immediately  after  a  meal  at 
1  p.  m.  and  the  experiment  begun  shortly  before  2  p.  m.  It  was 
generally  continued  for  3  hours  up  to  the  next  feeding  time. 

The  first  child  whose  metabolism  was  determined  was  a  healthy 
boy  of  3  months.  He  weighed  4.77  kilograms.  His  food  was  a  mix- 
ture of  milk  and  water,  equal  parts,  with  5  per  cent  milk  sugar 
added.  Of  this  mixture  he  was  given  200  cubic  centimeters  every 
4  hours,  a  food  value  of  115  calories  per  kilo.  In  the  food  he  received 
2.98  grams  of  nitrogen  and  eliminated  on  2  days,  when  his  urine 
was  collected,  1.61  grams  of  nitrogen  and  1.76  grams  nitrogen.  His 
nitrogen  retention  was,  therefore,  good.    He  had  been  gaining  weight 
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slowly  but  steadily,  and  his  digestion  was  normal.  On  the  chart,  for 
simplicity's  sake,  I  have  kept  the  weight  the  same  throughout  the 
first  series  of  experiments,  though  he  gained  in  these  two  weeks  230 
grams.  In  February,  he  suffered  from  an  attack  of  influenza  that 
reduced  his  weight  markedly.  When  he  had  recovered  and  was 
again  in  a  normal  condition  and  gaining  weight  slowly,  he  was  again 
used  in  the  experiments. 

His  metabolism  in  the  two  periods  differed  by  less  than  3  per  cent. 
On  the  ordinary  simple  diet,  the  average  heat  production  directly 
measured  during  11  sleeping  hours  was  13.76  calories  per  hour,  or 
1,094  calories  per  square  meter  of  body  surface  per  day. 

The  average  carbon  dioxide  excretion  on  the  ordinary  diet  and 
during  the  sleeping  hours  was  17.01  grams  per  square  meter  of  body 
surface  per  hour. 

A  comparison  of  results  of  others,  so  far  as  the  heat  production  is 
concerned,  with  those  that  I  have  obtained  is  nearly  impossible,  as 
the  heat  production  has  not  before  been  directly  measured.  Carpen- 
ter and  Murlin  determined  the  heat  production  of  sleeping  newly 
born  infants  by  the  difference  of  the  heat  production  directly 
measured  of  the  mother  with  and  without  her  child.  The  average 
heat  production  of  these  infants  was  calculated  to  be  895  calories 
per  square  meter  per  day.  This,  however,  is  a  rough  method  of  deter- 
mination, and  Carpenter  and  Murlin  especially  emphasized  the  fact 
that  the  warming  of  the  child  by  the  mother  may  have  influenced 
their  results. 

The  determinations  from  which  Kubner  and  Heubner  and  Nie- 
mann were  able  to  calculate  the  energy  exchange  in  their  experiments 
were  made  without  reference  to  waking  or  sleeping,  and,  therefore, 
as  might  be  expected,  in  all  but  one  instance  their  results  were  con- 
siderably higher  than  those  obtained  with  my  child  at  rest.  Kubner's 
and  ITeubner's  first  child  was  5  weeks  old  and  nursed  at  the  breast. 
The  heat  production  of  this  child  was  1,118  calories  per  square  meter 
per  day.  Their  second  child,  7-J  months  old  and  fed  on  cow's  milk, 
had  a  heat  production  of  1,348  calories.  The  third  child,  an  atrophic 
infant  of  3J  months,  when  fed  on  cow's  milk  produced  heat  equal  to 
1,284  calories,  and  when  given  a  proprietary  food  produced  heat 
equal  to  1,223  calories  per  square  meter  per  day.  It  would  appear 
that  there  were  two  reasons  that  accounted  for  the  low  heat  produc- 
tion of  the  breast-fed  child :  First,  and  probably  most  important,  that 
he  was  very  young  and  hence  sleeping  and  quiet  most  of  the  time; 
and,  second,  that  he  was  given  an  insufficient  quantity  of  food  (as 
he  lost  weight  in  the  experiment)  with  a  low  protein  content.  Nie- 
mann's experiments  were  all  made  with  the  same  child  between  the 
ages  of  4  and  9^  months.  On  a  variety  of  diets  he  had  a  very  regular 
heat  production  in  the  different  periods  of  1,486,  1,408,  1,442,  and 
1,402  calories  per  square  meter  per  day. 
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As  the  diiFerence  in  the  method  of  performing  the  experiments 
accounts  for  an  increased  heat  production,  so,  also,  it  accounts  for  a 
greater  excretion  of  carbon  dioxide.  All  the  experiments  of  Rubner 
and  Heubner  and  Niemann  showed  a  higher  figure  for  carbon  diox- 
ide, except  those  in  which  the  infants  were  given  a  proprietary  food 
insufficient  for  their  nutrition,  and  that  in  which  the  very  young 
infant  was  given  breast  milk. 

Schlossmann's  experiments  determined  only  the  respiratory  ex- 
change. In  those  in  which  the  infants  were  fed  the  carbon  dioxide 
excretion  was  considerably  lower  than  I  obtained,  although  the  con- 
ditions of  the  experiments  were  the  same.  In  one,  however,  the  17.17 
grams  per  square  meter  per  hour  were  almost  exactly  like  my  figures. 

One  experiment  with  this  first  child  was  made  to  show  the  effect 
of  18  hours'  deprivation  of  food,  the  child  receiving  only  weak  tea 
sweetened  with  saccharine.  It  has  been  a  subject  of  contention 
whether  after  18  hours  the  fasting  metabolism  was  reached.  Schloss- 
mann found  a  diminished  carbon-dioxide  excretion  during  such 
periods,  an  average  for  his  children  of  13.7  grams  instead  of  the  15.1 
grams  per  square  meter  per  hour,  which  he  obtained  with  children 
that  were  fed.  Rubner  and  Heubner  and  Niemann  found  a  decided 
diminution  in  the  output  of  carbon  dioxide  when  an  insufficient 
proprietary  food  was  given  to  two  children.  While  Rubner  and 
Heubner  calculated  a  heat  production  somewhat  below  that  when 
cow's  milk  was  given,  Niemann  found  no  lessening  in  the  total  heat 
production.  With  my  fasting  child  there  was  no  diminution  in  the 
total  heat  production,  it  being  1,106  calories  per  square  meter,  calcu- 
lated for  24  hours.1  The  carbon  dioxide  excreted  was  lessened  when 
an  average  of  the  first  two  hours  of  that  period  is  taken,  even  though 
during  part  of  the  second  hour  the  child  was  awake.  It  was  16.23 
instead  of  17.01.  The  respiratory  quotient  for  two  hours  was  0.81. 
This  experiment,  in  so  far  as  one  can  do  so,  brings  additional  proof 
to  the  view  that  insufficient  food  reduces  the  carbon-dioxide  excretion, 
but  that,  after  18  hours,  a  fasting  metabolism  is  not  reached  with 
infants,  as  shown  by  the  normal  heat  production  and  by  the  respira- 
tory quotient  of  0.81. 

The  second  child  was  a  small  but  very  vigorous  and  active  boy  of 
7  months.  He  weighed  4.32  kilograms,  and  had  gained  well  during 
the  month  before  the  experiments.  His  digestion  was  good,  and  he 
was  essentially  normal,  except  for  his  small  size.  His  food  was  three- 
fifths  milk  with  5  per  cent  milk  sugar  added  and  30  grams  of  malt 
extract  and  had  a  food  value  of  132  calories  per  kilogram.     He  took 

1  It  is  probable  that  during  this  hour  there  was  some  activity  that  was  not 
noticed.  There  would  certainly  be  a  somewhat  lower  metabolism  when  no  food 
was  ingested  than  after  a  full  meal. 
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3.58  grams  of  nitrogen  in  this  food  and  excreted  2.20  grams  in  the 
urine.  The  average  of  the  heat,  measured  on  different  days  during 
seven  quiet  sleeping  hours,  was  14.91  calories,  or  1,270  calories  per 
square  meter  of  body  surface  a  day,  considerably  higher  than  the 
1,094  of  the  first  child.  The  carbon-dioxide  excretion  was  5.41  grams 
per  hour,  or  19.21  grams  per  square  meter  per  hour. 

I  was  formerly  of  the  opinion  that  the  higher  metabolism  of  this 
child  was  more  apparent  than  real,  and  was  due  to  an  error  in  the 
surface  area,  calculated  by  a  formula  which  failed  to  include  the 
variable  of  length.  Since  it  is  apparent,  from  a  study  of  the  measure- 
ments of  Meeh  and  Lissauer,  that  the  length  bears  no  constant  rela- 
tion to  the  surface  area,  the  explanation  must  be  sought  in  the  greater 
quantity  of  food  that  the  second  child  received,  132  calories  per  kilo, 
as  compared  with  115  calories  per  kilo.  The  protein  was  somewhat 
in  excess  in  the  food  of  the  second  child,  and  30  grams  of  malt  extract 
were  also  added  to  it.  The  effect  of  an  excess  of  protein  has  been 
greatly  emphasized,  but  not  so  much  influence  has  been  ascribed  to 
an  excess  of  sugar.  Lusk  has,  however,  recently  shown  that  a  large 
quantity  of  this  may  increase  markedly  the  metabolism,  and  it  appears 
that  in  this  case  it  produced  a  decided  effect  when  added  to  a  diet 
already  generously  sufficient  to  supply  the  child's  caloric  requirements. 

With  both  of  these  children  experiments  were  made  to  determine  if 
an  excess  of  nitrogenous  food  would  increase  the  heat  production. 
Rubner  and  Heubner  have  explained  the  higher  metabolism  of  their 
bottle-fed  child  over  the  breast-fed  child  by  the  specific  dynamic  effect 
of  the  greater  protein  content  of  the  cow's  milk. 

With  the  first  child  15  grams  a  day  of  nutrose  were  added  to  his 
ordinary  food,  5  grams  to  each  of  the  first  three  feedings  for  several 
days.  Nutrose  contains  14.25  per  cent  nitrogen.  This  increased  the 
nitrogen  of  the  food  from  2.98  grams  to  5.12  grams  and  that  of  the 
urine  from  1.76  to  2.72  grams.  The  effect  was  marked  on  two  days 
on  which  determinations  were  made,  and  the  result  was  an  average 
increase  from  1,094  to  1,210  calories  per  square  meter  per  day,  or  a 
little  over  10  per  cent.  While  on  his  usual  diet  14  per  cent  of  his  heat 
production  Was  from  protein  food.  On  the  high  protein  diet  20  per 
cent  was  from  protein  food. 

To  the  ordinary  food  of  the  second  child  30  grams  of  nutrose  were 
added  for  three  days,  and  on  the  last  two  of  these  his  metabolism  was 
determined.  The  results  obtained  during  five  hours  of  these  days 
are  available  for  averages.  The  effect  was  very  striking.  The  heat 
production  rose  from  1,270  to  1,595  calories  per  square  meter  per  day, 
an  increase  of  26  per  cent  above  that  with  the  ordinary  diet.  With 
the  addition  of  nutrose  his  food  contained  7.85  grams  of  nitrogen, 
and  he  excreted  4.46  grams  in  his  urine,  more  than  twice  as  much 
afl  before. 
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On  his  ordinary  diet  16  per  cent  of  his  heat  production  was  from 
protein,  and  when  the  nutrose  was  added  26  per  cent  of  the  heat  pro- 
duction was  from  protein.  The  view  that  the  specific  dynamic  effect 
of  the  protein  is  due  alone  to  the  rapid  metabolism  of  protein  does 
not  appear  substantiated  by  these  experiments.  Tn  each  instance,  but 
particularly  in  the  case  of  the  second  child,  the  increased  protein 
metabolized,  as  shown  by  the  nitrogen  of  the  urine,  fails  to  account 
for  all  of  the  increased  heat  production  or  for  the  extra  carbon  dioxide 
of  the  respiration.  With  the  second  child  there  was  50  per  cent  more 
heat  actually  measured  than  could  be  accounted  for  by  the  metabolism 
of  protein  alone  and  0.37  gram  more  carbon  dioxide.  This  calcula- 
tion, therefore,  affords  evidence  for  believing  that  the  protein  (or 
more  probably  its  decomposition  products)  acts  also  as  a  stimulus 
to  the  metabolism  of  all  the  foodstuffs. 

In  addition  to  the  experiments  on  comparatively  normal  infants, 
two  were  made  with  very  poorly  nourished  and  emaciated  children. 
The  first  was  a  boy  6  months  of  age,  who  weighed  3.05  kilos.  He 
had  been  in  the  hospital  several  times  and  had  been  discharged  each 
time  while  gaining  weight,  but  was  alwaj^s  brought  back  in  a  condi- 
tion of  extreme  malnutrition,  having  received  the  worst  possible  care 
at  home.  He  was  literally  skin  and  bones,  with  no  fat,  and  very  little 
musculature.  Before  the  experiment,  he  had  gained  a  few  grams, 
and  his  digestion  was  fairly  good.  He  was  given  two-fifths  milk 
with  5  per  cent  milk  sugar  added,  and  took  150  cubic  centimeters 
every  four  hours,  a  food  equivalent  to  117  calories  per  kilogram. 
Satisfactory  determinations  were  made  on  two  different  days.  His 
heat  production  was  low,  7.94  calories  per  hour  or  865  per  square 
meter  per  day.  The  carbon  dioxide  excretion  was  also  low — 15.14 
grams  per  square  meter  per  hour. 

Still  more  striking  were  the  results  obtained  with  an  8-year-old 
child,  emaciated  to  a  most  extreme  degree  and  almost  devoid  of 
musculature.  She  had  suffered  from  cerebro-spinal  meningitis  six 
and  a  half  years  before,  and  was  left  idiotic  with  contracted  ex- 
tremities. She  weighed  only  5.9  kilograms  when  admitted  to  the 
hospital,  but  had  gained  very  rapidly,  and  the  experiments  were  made 
when  her  weight  was  6.6  kilograms.  Her  digestion  was  always  good. 
She  took  200  cubic  centimeters  of  milk  every  four  hours,  or  100 
calories  per  kilogram  per  day.  Three  of  the  experiments  were  en- 
tirely satisfactory ;  she  slept  all  of  the  time  while  in  the  calorimeter. 
The  average  heat  production  was  13.23  calories  per  hour  or  809  per 
square  meter  per  day. 

The  average  carbon  dioxide  per  square  meter  per  hour  was  12.3 
grams.  If  the  surface  area  of  this  child  were  calculated  according  to 
Meeh's  formula  with  a  constant  of  12.3,  the  heat  and  carbon  dioxide 
production  would  appear  to  be  very  much  less.    Rubner's  and  Heub- 
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ner's  marantic  child,  evidently  in  not  nearly  so  emaciated  a  stage 
as  either  of  these,  had  practically  no  diminution  of  heat  production 
or  carbon  dioxide  excretion  on  a  cow's  milk  diet.  Schlossmann's 
marantic  children  showed  a  slight  decrease  in  their  carbon  dioxide 
excretion  as  compared  with  his  normal  children,  but  the  infants  were 
not  nearly  so  malnourished  nor  was  their  relative  decrease  in  carbon 
dioxide  nearly  so  marked  as  I  have  found.  The  low  heat  production 
of  both  of  these  children  who  were  generously  fed  can,  if  the  calcu- 
lation of  the  surface  area  be  correct,  be  explained  only  by  the  great 
deficiency  of  vital  functionating  muscular  tissue.  The  furnaces  for 
the  production  of  heat  are  lacking.  While  the  law  that  the  heat 
production  is  proportional  to  the  surface  area  of  the  body  applies 
for  the  well  and  even  moderately  nourished,  it  does  not  seem  to 
apply  for  the  greatly  emaciated  child,  with  almost  complete  absence 
of  muscular  tissue.  But  it  must  not  be  overlooked  that  the  formula 
may  give  a  surface  area  much  too  large  for  such  greatly  emaciated 
children.  Further  observations  and  further  measurements  should  be 
made. 

Finally,  I  should  like  to  speak  of  the  close  comparison,  in  my 
experiments,  between  the  heat  production,  directly  measured  and 
that  calculated  by  the  method  of  Zuntz  and  Schumberg.  On  four 
days  with  the  first  child,  and  two  with  the  third,  the  urine  was 
collected  for  24  hours  and,  from  the  nitrogen  excretion  and  the  oxy- 
gen consumption,  an  indirect  determination  of  the  heat  production 
calculated,  on  the  assumption  that  the  nitrogen  excretion  throughout 
each  period  was  uniform.  This  assumption  appeared  justified  by  the 
frequency  and  uniformity  of  the  feedings.  It  is  seen  that  the  agree- 
ment is  very  close,  not  only  in  the  total  observations  for  the  children, 
when  in  each  instance  the  difference  was  less  than  1  per  cent,  but 
for  each  day  when  the  difference  was  not  more  than  3  per  cent,  and 
the  3  per  cent  difference  was  on  a  day  when  only  one  hour  was 
available  for  the  determination.  When  two  or  more  hours  were 
used  the  difference  was  2  per  cent  or  less.  This  not  only  acts  as 
an  excellent  control  on  the  heat  production,  as  actually  measured, 
but  shows  plainly  that  it  is  possible,  in  the  majority  of  instances, 
to  calculate  the  heat  production  with  an  entirely  reasonable  margin 
of  error,  when  the  respiratory  exchange  and  the  nitrogen  excretion 
are  known.  Calorimeters  for  the  direct  measurement  of  the  heat 
production  are  very  expensive  to  build  and  operate,  and  require  a 
large  force  of  trained  workers.  When  an  apparatus  is  devised  which 
will  measure  the  respiratory  exchange  within  limits  narrow  enough 
so  that  it  may  be  accurately  applicable  to  children  it  will  be  possible 
for  many  workers  to  make  the  observations  that  are  now  allowed 
to  only  a  few,  and  so  greatly  to  add  to  our  knowledge  regarding  the 
metabolism  of  infancy. 
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Chart  II. — Curve  of  surface  area. 
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Chart  IV. — Average  heat  production  and  CO*  excretion. 
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Chart  VI. — Effect  of  excess  of  protein. 
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Chart  VII. — Heat  production  (directly  and  indirectly  measured). 
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INFLUENCE  OF  QUALITY  AND  QUANTITY  OF  THE  FOOD  UPON  THE 

GBOWING  ORGANISM. 

Dr.  Hans  Aron,  Chief  of  the  Scientific  Laboratory  of  the  University  Children's 

Clinic,  Breslau,  Germany. 

While  the  growth  of  the  plants  under  manifold  conditions  of  nutri- 
tion as  produced  by  soil  and  fertilizers  has  been  carefully  investi- 
gated in  various  directions,  we  have  but  a  limited  knowledge  of  the 
influence  of  the  quality  and  quantity  of  the  food  on  the  growing 
organism  of  higher  animals  and  human  beings.  As  a  small  number 
only  of  the  manifold  problems  offered  by  this  theme  has  been  in- 
vestigated experimentally,  many  important  and  interesting  questions 
can  not  yet  be  answered  at  all.  And  following  the  invitation  of  Dr. 
Chittenden,  as  president  of  this  section,  to  describe  the  influence  of 
the  food  upon  the  development  of  the  growing  animal  organism, 
I  can  not  give  here  a  well-finished  picture,  but  only  a  review  of  those 
facts  which  appear  somewhat  proven  by  experiments. 

The  rhythm  of  cell  division,  called  "  Wachstumpotential,"  by 
Escherich,  is  limited  for  every  class  of  animals  and  for  every  indi- 
vidual ;  therefore,  even  with  the  greatest  intake  of  food  growth  will 
never  exceed  a  certain  limit.  The  conditions  of  nutrition  can  never 
accelerate  the  process  of  growth,  but  only  can  restrain  the  develop- 
ment of  the  juvenile  organism,  either  because  the  quantity  of  food- 
stuffs taken  is  not  sufficient  to  warrant  a  normal  process  of  growth 
or  because  the  food  is  lacking  one  or  more  of  the  building  stuffs 
which  are  needed  to  build  the  growing  body. 

A  ver}'  important  chapter  of  this  theme,  the  influence  of  the  pro- 
teins on  the  process  of  growth,  has  been  treated  already  by  Lafayette 
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B.  Mendel,  and  I  beg  to  be  allowed  to  refer  to  his  review;  The  pro- 
tein-free organic  foodstuffs,  while  principally  used  for  furnishing 
energy  as  combustible  materials,  at  the  same  time  present  the  build- 
ing material  of  which  are  formed  the  protein-free  organic  constitu- 
ents of  the  growing  body.  For  this  reason,  an  insufficient  quantity 
of  a  food  otherwise  suitable  and  of  normal  composition  being  given, 
the  process  of  growth  necessarily  can  not  proceed  in  its  normal  way. 

Experiments  made  by  Waters  on  calves,  by  myself  on  dogs,  and 
recently  on  rats,  have  shown,  in  accordance  with  clinical  observa- 
tions b}'  Camerer,  Freund,  and  Variot,  that  a  growing  organism, 
when  limited  in  its  intake  of  food  even  so  severely  that  the  energy 
required  for  maintenance  is  not  covered,  will  draw  upon  its  reserve 
materials,  principally  fat,  and  at  least  in  the  beginning  the  process 
of  growth  will  not  stop  entirely.  Of  course,  only  certain  parts  of 
the  body  will  grow,  i.  e.,  increase  in  mass  and  go  on  to  develop. 
This  is  true  of  bones  and  brain,  while  others,  like  fat  and  sometimes 
muscles,  will  decrease  in  weight.  In  this  way  the  normal  propor- 
tions of  the  bod}^  are  lost,  and  it  is  quite  right  to  call  the  process 
now  going  on  a  disproportionate  growth,  the  principal  characteristic 
of  which  is  a  relative  increase  of  the  skeleton.  This  progress  of  the 
growth  in  the  bones  during  a  period  of  insufficient  nutrition  when 
the  weight  comes  to  a  standstill  or  even  decreases  slightly  can  already 
be  noticed  by  the  appearance  of  the  animals;  it  is  better  seen  from 
measurements  of  the  body  length  and  most  clearly  by  X-ray  pictures. 
Analyses  of  animals  kept  on  constant  weight  by  an  insufficient  intake 
of  food,  compared  with  those  of  normal  animals  of  the  same  weight 
but  of  correspondingly  younger  age,  will  show  that  during  such  a 
period  of  constant  weight  the  fat  has  decreased  considerably,  being 
partly  replaced  by  water,  and  the  miner alic  constituents  have  in- 
creased twice  or  even  more;  further,  that  the  quantity  of  protein  of 
the  muscles  became  smaller  and  that  of  the  bones  larger. 

After  a  certain  period  of  insufficient  food  intake,  the  reserve  ma- 
terials have  nearly  disappeared,  and  by  and  by  the  bones  will  cease 
to  grow  any  further.  If  the  animal  now  is  given  at  least  such  a 
quantity  of  food  as  will  furnish  the  materials  needed  to  maintain 
its  body,  it  will  keep  alive  and  stay  as  it  is,  of  course  remaining 
behind  its  normal  brothers  considerably  in  weight  and  size. 

It  is  a  question  of  great  theoretical  interest  and  practical  im- 
portance whether  those  animals,  stunted  by  insufficient  supply  of  a 
normal  diet,  later,  when  fed  amply,  can  grow  and  develop  like 
normal  animals;  or  whether  their  capability  to  grow  has  materially 
suffered  by  checking  the  growth  during  a  certain  period.  Animal 
experiments  and  observations  of  babies  show  clearly  that  the  young 
organism  will  overcome  short  periods  of  restrained  growth  of  a  few 
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days  or,  with  slower  growing  animals,  even  of  weeks,  without  trouble. 
If  the  period  of  restricted  food  was  of  longer  duration,  and  a  well 
pronounced  disproportionate  growth  and,  later,  a  standstill  of 
growth,  had  already  taken  place,  the  capability  to  grow  is  not 
diminished.  In  recent  experiments,  which  have  not  yet  been  pub- 
lished elsewhere,  rats  were  kept  at  a  constant  weight  until  their 
normal  brothers  reached  a  weight  three  to  four  times  of  that  of  the 
stunted  animals.  When  now  fecPamply,  these  stunted  rats  were  still 
able  to  grow  at  normal  rate  and  reached  the  weight  and  size  of  a 
normal  rat,  only  delayed  for  about  a  time  corresponding  to  the 
period  in  which  the  growth  had  been  checked.  However,  when  the 
restriction  of  diet  and  the  standstill  of  the  processes  of  growth  ex- 
tend over  the  entire  period  of  "  youth,"  the  capability  to  grow  may 
apparently  disappear. 

I  had  two  dogs  about  3  months  of  age,  the  one  of  which  was  fed 
normally,  the  other  was  kept  at  a  constant  weight  for  310  days,  then 
was  fed  amply  for  150  days.  During  this  second  period  the  dog  in- 
creased in  body  weight  and  the  animal,  formerly  emaciated,  became 
$at  and  showed  well-rounded  form,  but  did  not  increase  materially 
in  length.  Thus,  at  the  five-hundredth  day  of  experiment,  we  saw 
an  animal  considerably  smaller  than  the  normal  brother,  but  thicker 
and  fatter. 

I  am  inclined  to  believe,  from  a  few  experiments  made  so  far, 
that  the  age  at  which  wTe  stunt  an  animal  by  restriction  of  diet  is  of 
great  importance,  and  it  seems  to  me  very  probable  that  the  restric- 
tion of  diet  it  the  more  deleterious  the  younger  the  animal  is,  espe- 
cially during  the  period  of  lactation. 

The  question  whether  fats  and  carbohydrates  will  replace  one 
another  as  well,  as  building  materials  for  the  growing  organism,  as 
they  flo  in  furnishing  energy,  is  very  hard  to  answer,  on  account  of 
the  fact  that  food  free  of  carbohydrates  and  rich  in  fats  mostly  will 
cause  severe  indigestion.  On  the  other  hand,  Mendel  and  Osborne 
quite  recently  have  shown  that  young  rats  fed  with  an  artificial 
mixture  of  foodstuffs  free  of  fat  developed  like  normally  fed  animals. 
These  same  experiments  also  may  be  taken  as  a  proof  that  the  grow- 
ing animal  organism  does  not  demand  any  other  organic  building 
materials  besides  proteins  and  carbohydrates. 

It  has  been  mentioned  that  by  overfeeding  the  processes  of  growth 
can  never  be  promoted  above  a  certain  limit,  but  Mast  can  be  pro- 
duced in  growing  animals  like  in  adults  by  an  ample  supply  of  organic 
foodstuffs.  Fattening,  while  mainly  caused  by  a  certain  individual 
disposition,  is  only  possible  when  the  intake  of  organic  foodstuffs  is 
increased;  and  the  fat  content  of  an  animal  is,  in  the  first  place,  an 
expression  of  the  nutritive  conditions.    If  wTe  disregard  the  content 


454      SECTION   II.    DIETETIC    HYGIENE:    HYGIENIC    PHYSIOLOGY. 

of  fat,  which  varies  considerably  with  different  individuals,  the  rest 
of  the  body  mostly  shows  quite  a  constant  composition  in  animals 
of  like  race  and  age.  According  to  Steinitz  and  Weigert,  upon 
feeding  a  diet  extremely  rich  in  carbohydrates,  the  relative  content 
of  water  in  the  body  increases;  that  of  protein  and  ashes  decreases. 
It  can  not  be  decided  whether  these  changes  are  caused  by  the  ex- 
cess of  carbohydrates  or  the  simultaneous  lack  of  proteins  and 
mineral  foodstuffs  in  the  diet.  * 

The  inorganic  constituents  of  the  food  can  not  be  spared  at  all. 
The  alkaline  salts  doubtless  are  most  important  for  maintenance; 
and  an  animal  dying  when  fed  a  salt- free  diet  or  a  diet  poor  in  salts 
will  succumb  from  want  of  alkalies.  A  lack  of  the  other  minerals 
can  be  sustained  much  longer  and  easier.  For  a  long  time  we  have 
argued  that  the  growth  in  the  animal  body,  like  in  young  plants,  will 
suffer  if  there  is  a  lack  of  but  one  of  the  necessary  mineralic  com- 
ponents. An  idea  which  may  be  compared  to  the  "  all  or  nothing  " , 
law  for  heart  contraction  has  been  introduced  by  v.  Bunge  as  the 
"law  of  minimum."  If  the  minimal  quantity  of  but  one  mineral 
constituent  needed  for  normal  growth  should  not  be  supplied  by  the 
food,  no  growth  will  take  place,  or  growth  only  so  far  as  normal 
body  tissues  can  be  formed  by  means  of  the  mineral  supply. 

This  law  to  a  certain  extent  possibly  may  be  right  applied  to  the 
alkali  salts.  So  far  as  the  mineral  constituents  forming  the  skeleton, 
calcium,  and  phosphorus,  are  concerned,  surely  the  law  does  not  hold 
true,  and  probably  also  not  regarding  iron. 

Experiments  in  which  young  animals  were  fed  upon  a  food  poor 
in  calcium  or  phosphorus  showed  that  in  spite  of  a  considerable 
lack  of  these  minerals,  the  increase  in  weight  and  the  growth  in 
general  was  equai  to  that  of  normal  animals  fed  on  the  same  food 
after  addition  of  calcium  or  phosphorus.  The  only  effect  of  a  lack 
of  both  minerals  was  certain  pathologic  changes,  principally  of  the 
skeletal  system.  While  these  processes  observed  after  feeding  diets 
poor  in  calcium  salts  resemble  mostly  those  in  rickets,  Lipschutz  and 
Heubner  report  that  dogs  fed  on  a  phosphorus-poor  diet  show 
changes  of  the  bones  to  be  compared  with  those  in  Barlow's  disease. 

Chemically  these  pathologic  bones  contain  less  ash,  more  organic 
material,  and  more  water  than  normal  ones;  the  other  tissues  of  the 
body,  with  the  exception  of  the  brain,  usually  do  not  loose  calcium  or 
phosphorus. 

However,  when  the  phosphorus  content  is  made  so  low  that  all 
cells  of  the  body  will  suffer  a  lack  of  phosphorus,  Heubner  has  ob- 
served a  kind  of  cachexia  with  dogs,  most  of  the  animals  dying  or 
suffering  in  their  capability  to  grow.  I  don't  remember  experiments 
in  which  a  diet  similarly  poor  in  calcium  has  been  fed. 
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The  form  or  "  binding  "  -of  calcium  or  phosphorus  in  the  food- 
stuffs, according  to  most  of  the  recent  experiments,  seems  to  be  not 
of  great  importance.  It  is  quite  sure  that  from  organic  phosphorus 
compounds  (lecithin)  inorganic  phosphates  can  be  synthesized  and 
apparently  the  inorganic  phosphates  can  be  used  for  the  production 
of  organic  phosphorus  compounds  as  nucleines  and  phosphatides ;  thus 
the  body  can  rely  entirely  on  either  organic  or  inorganic  phosphorus 
in  the  food. 

Insufficient  supply  of  iron  causes  a  diminution  of  hemoglobin  in 
the  blood.  Milk  being  a  food  exceptionally  poor  in  iron,  a  too  pro- 
longed exclusive  milk  feeding  will  cause  a  relative  lack  of  iron  of 
the  growing  body,  and  probably  it  is  quite  justifiable  to  call  upon 
this  fact  in  order  to  explain  certain  forms  of  anemia  with  babies 
after  a  long  exclusive  milk  diet. 

There  are  hardly  any  experiments  made  to  investigate  the  effects 
of  feed  lacking  other  mineral  constituents  than  those  discussed  above. 
Possibly  lack  of  chlorine,  and  together  with  it  a  lack  of  alkalies, 
has  to  be  regarded  as  cause  of  these  nutritive  disorders  observed  with 
infants  after  a  long  extensive  cereal  diet  and  usually  designated  as 
"  Mehlnahrschaden." 

Water,  a  very  important  food  constituent,  is  taken  by  young  ani- 
mals in  a  comparatively  much  greater  quantity  than  by  adults.  We 
are  not  able  to  give  a  reason  for  this  great  demand  of  fluids.  The 
quantity  needed  to  build  new  body  tissues  is  by  no  means  so  great 
as  to  explain  this  high  demand  of  water.  In  the  only  experiment 
made  regarding  this  question,  Spiegler  has  shown  that  the  increase 
of  weight  of  a  dog,  the  water  supply  of  which  was  limited,  did  not 
reach  that  of  a  brother  animal  fed  the  same  quantity  of  foodstuffs 
but  which  was  allowed  to  drink  water  besides. 

Since  Mendel,  Osbdrne,  and  Rohmann  have  succeeded  in  feeding 
young  rats  and  mice  on  an  artificial  mixture  of  protein,  carbohy- 
drates, and  salts,  and  their  animals  developed  normally,  it  is  proven 
that  these  constituents  of  food  are  sufficient  to  allow  a  normal  growth 
of  the  body,  and  no  others  are  necessarily  demanded.  However, 
these  experiments  do  not  prove  that  other  food  constituents,  as,  for 
instance,  the  so-called  "  extractives "  may  not  be  of  a  certain  im- 
portance for  the  nutrition  of  the  growing  organism.  Even  disre- 
garding the  value  of  just  those  substances  for  the  palatability  of  a 
diet,  from  several  experiments  the  impression  is  obtained  that  animals 
fed  on  artificial  mixtures  of  foodstuffs  in  but  a  rare  numbec  of  cases 
will  flourish  and  grow  like  animals  fed  on  mixtures  of  natural  foods. 
On  the  other  hand,  different  mixtures  of  foodstuffs,  when  equal  in 
their  nutritive  value  according  to  the  usual  ideas,  do  not  always  give 
the  same  effect  in  feeding  experiments.    That  has  been  proven  clearly 
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by  the  detailed  experiments  of  Hart,  McCollum,  and  their  collabora- 
tors. Calves  fed  three  years  on  wheat  did  not  develop  as  well  as  the 
control  animals  fed  on  rations  of  oats  or  corn  in  quantities  of  equal 
nutritive  value. 

It  may  be  that  the  character  of  the  proteins  here  plays  an  import- 
ant role;  it  may  be  that  these  vegetable  foods  are  lacking  in  other 
constituents  not  known  yet  or  not  considered  to  be  of  importance ;  in 
any  event,  it  must  be  of  great  interest  to  find  the  reason  for  these 
differences. 

The  influence  of  the  food  upon  the  growing  organism  has  finally 
been  demonstrated  alike  by  the  experience  gained  in  both  disciplines 
mostly  interested  in  the  growing  organism,  namely,  pediatrics  and 
animal  husbandry,  and  in  manifold  ways,  as  well  as  by  critical  ob- 
servations made  in  practical  hygienic  studies.  It  has  been  proven, 
above  all  doubts,  that  children  of  the  poorer  classes  in  everjr  country 
are  smaller  in  weight  and  size  than  those  of  the  socially  better  classes. 
Of  course,  it  would  be  difficult  to  show  that  the  differences  of  nutri- 
tion are  the  sole  reason  for  these  variations;  however,  we  will  not 
mistake  in  regarding  the  food  as  an  important  factor.  More  con- 
vincing are  the  extensive  investigations  of  McCay,  who  tried  to  show 
that  those  people  of  India,  who  live  on  a  one-sided  purely  vegetable 
protein-poor  diet,  are  physically  inferior  to  those  races  which  live 
under  the  same  conditions,  except  that  they  take  a  mixed  food  richer 
in  protein.  Whoever  will  make  the  acquaintance  of  this  country, 
and  its  inhabitants  will  notice  how  the  children  of  the  same  people 
here  show  a  much  better  physical  development  than  in  the  European 
home;  and  he  will  be  justified  in  asking  if  that  may  not  be  explained 
by  the  more  favorable  conditions  of  life,  especially  regarding  food 
and  nutrition. 


WEDNESDAY  MORNING,  SEPTEMBER  25,  1912. 

THE  ANTAGONISTIC  ACTION  OF  SALTS. 

Dr.  Jacques  Loeb,  Head  of  the  Department  of  Experimental  Biology,  Rocke* 

feller  Institute  for  Medical  Research,  New  York  City. 

1.  Since  the  salts  do  not  furnish  any  of  the  energy  which  is  re- 
quired for  the  maintenance  of  life  and  since  they  are  found  in  all 
living  organism,  the  question  arises:  What  is  their  physiological  func- 
tions? Researches  have  made  clear  one  function  of  salts,  namely,  that 
of  safeguarding  the  specific  permeability  of  cells.  This  function  finds 
*  its  expression  in  the  so-called  antagonistic  salt  action.  The  cases  of 
antagonistic  salt  action  are  so  numerous  that  in  the  short  time  at  my 
disposal  I  shall  have  to  confine  myself  to  a  few  examples  which, 
however,  I  think  will  go  far  toward  an  unequivocal  explanation  of 
the  nature  of  antagonistic  salt  action. 

The  first  case  of  antagonism  I  intend  to  discuss  is  that  between 
acids  and  salts.  The  first  observation  on  the  antagonism  betwreen 
acids  and  salts,  which  I  published  in  1899,  was  as  follows:  A  muscle, 
when  put  into  an  isotonic  solution  of  XaCl,  to  which  some  HC1  has 
been  added,  absorbs  water  and  swTells.  The  same  is  true  for  a  muscle 
when  put  into  a  strong  neutral  hypertonic  solution  of  XaCl.  There 
is  an  initial  loss  of  water,  which  is  followed  by  an  excessive  ab- 
sorption of  water.  If,  however,  the  muscle  is  put  into  a  strong  hyper- 
ionic  and  acid  solution,  the  muscle  does  not  swell  at  all,  but,  on  the 
contrary,  loses  water.  The  mechanism  of  this  phenomenon  was 
cleared  up  to  a  large  extent  by  the  experiments  of  Procter  and  of 
Pauli  and  Handowski  on  the  effect  of  acid  and  salt  on  proteins. 
Gelatine  will  swell  under  the  influence  of  acid  alone  and  under  the 
influence  of  salt  alone,  but  it  will  be  dehydrated  under  the  combined 
effect  of  acid  and  salt.  Pauli  and  Handowski  showed  that  the  in- 
fluence of  acid  upon  the  viscosity  of  protein  solutions  can  also  be  in- 
hibited through  the  addition  of  salts. 

Wasteneys  and  I  demonstrated  the  existence  of  this  antagonism  be- 
tween acids  and  neutral  salts  in  the  living  organ  ism.  We  selected 
the  marine  fish  Fiindulus  for  our  experiments,  since  it  is  in  wide 
limits  independent  of  osmotic  pressure,  and  this  makes  it  a  favorable 
subject  for  these  experiments. 

We  found  that  in  a  3/10000  N  HX03  solution  the  fish  died  within 
an  hour;  if,  however,  the  solution  contained  20  cubic  centimeters  m  2 
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NaCl,  the  fish  could  live  for  days,  if  not  indefinitely.  If  the  HN(X 
solution  was  more  concentrated,  more  NaCl  was  needed  to  counteract 
the  toxic  effect  of  the  acid.  The  same  was  found  in  the  case  of  other 
acids.  We  tried  to  ascertain  the  maximum  amount  of  acid  which 
could  be  rendered  harmless  by  neutral  salts.  As  salts,  we  used  a  mix- 
ture of  NaCl-f-KCl-f-CaCl2  in  the  usual  proportions.  We  found  that, 
in  a  m/4  solution  of  this  mixture,  the  fish  was  able  to  resist  indefi- 
nitely a  N/1000  solution  of  HC1,  or  any  of  the  strong  mineral  acids. 
Without  the  salt  the  fish  died  in  less  than  an  hour.  If  the  concentra- 
tion of  the  salt  is  higher  than  m/4,  it  proves  less  effective,  though  the 
fish  lives  naturally  in  sea  water,  and  can  resist  a  much  higher  con- 
centration of  salt  than  that  contained  in  sea  water.  The  question  pre- 
sented itself:  How  does  the  acid  kill  the  fish  and  how  does  the  salt 
prevent  this  action  ?  When  the  fish  are  put  into  a  pure  acid  solution 
or  into  acid  solution  which  does  not  contain  enough  salt,  the  epidermis 
soon  becomes  opaque  and  white  and  is  thrown  off  in  shreds.  If  a  suf- 
ficient amount  of  neutral  salt  is  added  this  does  not  take  place.  Sim- 
ilar changes  occur  in  the  gills,  and  I  am  inclined  to  believe  that  the 
rapid  death  of  the  fish  in  the  acid  solution  is  due  to  suffocation  caused, 
by  an  injury  o£  the  cells  of  the  gills  in  the  acid.  The  excised  gills  be- 
come rapidly  opaque  and  swell  in  a  6/10000  N  solution  of  HC1  in  dis- 
tilled water.  If,  however,  the  6/10000  N  solution  is  prepared  in  an 
m/4  NaCl  solution  the  gills  remain  normal  a  long  time. 

How  does  the  salt  prevent  the  death  of  the  cells  of  the  epithelium 
and  the  gills?  Here,  possibly,  the  analogy  between  the  observations 
on  muscle  or  gelatine  gives  the  explanation.  If  we  assume  that  the 
surface  of  the  epithelial  cells  contains  a  layer  of  a  protein  which  acts 
like  gelatine,  this  protein  will  swell  in  the  presence  of  acid  alone  or  of 
acid  and  too  little  salt.  This  swelling  will  allow  the  acid  to  diffuse 
into  the  cell  and  thus  cause  its  death.  If,  however,  a  sufficient  quan- 
tity of  neutral  salt  is  present,  the  protein  at  the  surface  of  the  cells  is 
dehydrated  and  thereby  rendered  comparatively  impermeable  for  the 
acid,  and  the  life  of  the  cell  is  saved. 

2.  This  summer  I  found  a  method  by  which  this  idea  could  be 
tested.  The  experiments  were  made  on  the  fertilized  eggs  of  Fwndu- 
lits,  which  develop  in  sea  water,  but  can  develop  also  in  distilled 
water.  These  eggs  have  a  tough  membrane,  inside  of  which  the  yolk 
sac  with  the  embryo  is  contained.  The  egg  membrane  is  not  connected 
with  the  embryo.  Like  the  adult  fish  itself,  the  embryo  is  killed  very 
rapidly  in  an  acid  solution,  but,  in  the  presence  of  a  neutral  salt,  the 
acid  fails  to  kill  the  embryo. 

These  eggs  have  a  higher  specific  gravity  than  sea  water.  In  a 
118  m  NaCl  solution  they  will  sink,  while  in  a  12/8  m  NaCl  solution 
they  will  float.  When  these  eggs  are  put  into  a  mixture  of  50  cubic- 
centimeters  3  m  NaCl+1  cubic  centimeter  2  l/2m  CaCl2,  they  will 
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float  on  top  of  such  a  solution  for  three  days  or  more.  After  that 
they  sink'.  Observations  show  that  the  sinking  is  preceded  by  1 
gradual  shrinking  of  the  yolk  sac  of  the  embryo.  The  fact  that  this 
shrinking  occurs  so  late  indicates  that  the  egg  membrane  is  practi- 
cally impermeable  to  water  and  salts.  Such  a  conclusion  is  sup- 
ported by  the  fact  already  mentioned :  that  the  eggs  will  develop  in 
distilled  water  as  well  as  in  sea  water,  or  in  sea  water  of  twice  its 
normal  concentration. 

Eggs  of  Fundulus  were  put  into  an  acid  solution,  e.  g.,  N/333 
solution  of  acetic  acid.  After  17  minutes,  the  eggs  were  taken  out  of 
the  solution,  and  their  surface  was  freed  from  every  trace  of  acid  by 
repeated  washing  in  sea  water.  Some  remained  in  sea  water  and 
developed  perfectly  normally,  showing  that  the  short  acid  treatment 
had  not  injured  the  embryo.  Others  were  put  into  the  mixture  of  50 
cubic  centimeters  3  m  NaCl+1  cubic  centimeter  2  l/2m  CaCL 
(which  will  be  designated  briefly  as  the  "  test  solution  ").  The  eggs 
floated  at  first,  but  sunk  to  the  bottom  in  less  than  seven  hours.  Eggs 
not  treated  with  the  acid  floated  for  three  days  or  more.  The  acid 
treatment,  which  had  not  affected  the  embryo,  had,  however,  in- 
creased the  permeability  of  the  egg  membrane  to  water  (and  possibly 
to  a  slight  extent  to  salts)  at  least  ten  times. 

At  the  same  time,  another  lot  of  the  eggs  were  put  into  a  N/333 
solution  of  acetic  acid  in  a  m/2  solution  of  NaCl+KCl+CaCl2> 
When  these  eggs  were  put  after  25  minutes  into  the  test  solution, 
they  were  all  still  afloat  after  22  hours,  and  some  were  even  afloat 
after  two  days.  Even  when  the  eggs  were  left  in  the  mixture  of  acid 
and  salt  for  over  three  hours,  they  had  not  suffered  more  than  when 
they  remained  only  25  minutes.  The  addition  of  the  salt,  therefore, 
inhibits  the  increase  of  permeability  of  the  membrane  which  the  acid 
alone  produces. 

One  consequence  of  this  is  that  the  acid  itself  is  prevented  from 
entering  into  and  killing  the  embryo  or  the  protoplasm  of  the  epithe- 
lial cell. 

There  is  still  a  better  test  for  the  correctness  of  this  view.  It  has 
been  found  by  various  authors  that  the  dehydrating  action  of  the 
various  acids  on  gelatine  or  muscle  is  not  the  same,  and  is  apparently 
a  maixmum  for  H2S04.  I  asked  Dr.  Beutner  to  ascertain  the  mini- 
mum of  salt  needed  to  cause  dehydration  of  the  muscle  for  a  given 
concentration  of  an  acid.  He  found  that  the  system  sulphuric  acid — 
sodium  sulphate  had  the  maximal  dehydrating  efficiency  among  all 
the  systems  tested. 

If  our  theory  of  the  cause  of  the  antagonism  between  acid  and  salt 
is  correct,  namely,  that  it  is  due  to  hydra  ting  effect  of  the  acid 
alone  and  a  dehydrating  effect  of  the  combination  acid  salt,  it 
should  be  easier  to  counteract  the  influence  of  sulphuric  acid  by 
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Na2S04,  than  to  counteract  the  influence  of  HC1  by  NaQ.  It  was 
found  that  this  is  indeed  true. 

Eggs  were  put  into  a  mixture  of  0.4  cubic  centimeters  N/10  HC1+ 
50  cubic  centimeters  H20  and  taken  out  at  various  intervals.  When 
taken  out  after  21  minutes  and  put  into  the  test  solution  they  sank 
to  the  bottom  in  less  than  2-J  hours.  Eggs  that  had  been  treated  for 
20  minutes  with  an  HO  solution  of  the  same  strength,  but  made  up 
in  a  m/2  solution  of  NaO+KO+Ca02,  instead  of  with  H,0, 
floated  in  the  test  solution  more  than  4,  but  less  than  22  hours. 
There  was  then  a  distinct  antagonistic  effect  between  the  salt  and 
the  acid,  but  it  was  not  complete.  The  eggs  should  have  floated  on 
the  test  solution  more  than  three  clays  if  the  antagonism  had  been 
complete.  A  6/5000  N  solution  of  II CI  could  not  be  antagonized  at 
all  by  a  m/2  salt  solution. 

It  was  found  that  IT2S04  increases  the  permeability  of  the  eggs 
almost  as  quickly  as  an  HC1  solution  of  the  same  concentration.  Eggs 
that  had  been  in  0.4  cubic  centometer  N/10  H2SQ4-(-50  cubic  centi- 
meters TI20  sank  to  the  bottom  in  the  test  solution  in  less  than  3J 
hours.  When  the  eggs  were  treated  in  a  mixture  of  0.4  cubic  centi- 
meters N/10  H2SO4+50  cubic  centimeters  m/2  Na2S04  for  20  min- 
utes and  then  put  into  the  test  solution,  some  of  them  were  still  afloat 
after  three  days.  In  this  case  the  antagonism  was  complete.  The 
following  fact  is  still  more  instructive.  While  in  the  system  HO— 
m/2  NaCl  it  was  no  longer  possible  to  annihilate  the  toxic  effects  of 
a  higher  than  a  4/5000  N  HO  solution,  in  the  system  H2S04— m/2 
Xa2S04,  an  antagonization  of  more  than  twice  that  concentration  of 
acid  was  still  possible. 

These  facts  leave  no  doubt  that  the  antagonism  between  acids  and 
salts  consists  in  a  maintenance  of  the  impermeability  of  the  membrane 
of  the  egg  to  water  and  salt  which  the  acid  alone  destroys;  and, 
second,  that  the  increase  of  the  permeability  by  the  acid  and  its 
antagonization  by  salt  is  due  to  a  common  action  of  both  upon  a 
protein. 

This  latter  fact  is  of  fundamental  importance  in  regard  to  the 
nature  of  the  substances  upon  which  the  semipermeability  of  the  cell 
depends.  It  is  assumed  by  many  authors  that  the  specific  semi- 
permeability  of  living  cells  is  due  to  lipoids.  But  the  above-men- 
tioned observations  leave  no  doubt  that  the  substance  upon  which 
the  permeability  or  impermeability  for  acids  or  salts  depends  is  a 
protein. 

?>.  Thirteen  years  ago  T  introduced  the  term  "  physiologically  bal- 
anced sail  solutions  ?'  for  such  solutions  in  which  the  various  constitu- 
ent^ were  in  a  condition  of  complete  mutual  antagonization.  The 
model  of  such  a  solution  is  the  mixture  of  NaO+KO-f-Ca02,  in  the 
proportion  in  which  these  three  salts  exist  in  the  ocean.     It  is  not  gen- 
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erally  realized  to  what  extent  antagonistic  action  takes  place  in  this 

solution.  In  order  to  find  this  out  we  must  experiment  on  organisms 
which  are  independent  of  osmotic  pressure  such  as  Fundulus  and  not 
on  nerves- or  muscles  which  demand  a  definite  osmotic  pressure. 
Ycni's  ago  I  showed  that  these  fish  can  not  Live  in  a  pure  XaCI  solu- 
tion of  the  concent ratioii  in  winch  this  salt  is  contained  in  the 
water  (m/2),  but  that  they  can  live  in  such  a  solution  indefinitely  if 
KC1  or  CaCL  is  added.  KC1  and  CaCl2  are  not  required  by  the 
fish  directly,  because  in  a  weak  NaCl  solution,  e.  g.,  m/32  or  m/16 
or  in  distilled  water  they  can  live  indefinitely  without  KC1  or  Ca('l  . 
These  two  substances  are  only  needed  to  counteract  the  delete;  ions 
effects  of  a  pure  NaCl  solution  of  high  enough  concentration.  What 
was  shown  for  NaCl  could  also  be  shown  for  KC1.  The  KC1  in  the 
concentration  in  which  this  substance  is  contained  in  the  sea  water 
(about  m/100)  kills  Fundulus  in  a  few  days,  if  it  is  alone  in  solution. 
This  is  purely  due  to  the  specific  toxic  action  of  the  KC1,  since  a 
pure  m/100  NaCl  solution  is  perfectly  harmless  for  the  fish.  I  found 
two  years  ago  that  the  toxic  action  of  the  KC1  is  inhibited  if  we  add 
a  certain  amount  of  NaCl  to  the  solution,  namely,  17  molecules  of 
NaCl  for  one  molecule  of  KC1. 

It  was  assumed  that  the  toxic  action  of  NaCl,  if  alone  in  solution, 
consisted  in  this,  that  it  increased  the  permeability  of  the  membrane 
of  the  fish  whereby  NaCl  could  enter;  while  the  addition  of  KC1 
and  CaCJ,  counteracted  this  effect  and  maintained  the  normal  degree 
of  impermeability  of  the  membranes  of  the  cells.  In  the  same  way 
we  may  conclude  that  the  addition  of  NaCl  to  KC1  inhibits  or 
retards  the  diffusion  of  KC1  into  the  fish. 

Ten  years  ago  I  had  found  that  the  eggs  of  Fundulus  die  com- 
paratively rapidly,  if  put  immediately  after  fertilization  into  a  pure 
5/8  m  NaCl  solution,  while  they  live  and  develop  if  a  trace  of  a  salt 
with  a  bivalent  metal,  e.  g.,  MgCL,  CaCl2,  SrCL,  or-BaCL  is  added. 
It  can  easily  be  shown  that  in  these  cases  also  the  antagonistic  salt 
action  is  due  purely  to  the  inhibition  of  the  increase  in  perme- 
ability which  the  5/8  m  NaCl  would  produce  if  it  were  alone  in  solu- 
tion. If  we  put  fertilized  eggs  of  Fundulus  into  a  3  m  solution  of 
NaCl,  they  float,  since  their  specific  gravity  is  considerably  less 
that  of  the  solution.  In  less  than  three  hours,  however,  their  yolk 
sac  begins  to  shrink,  the  eg^  membrane  collapses,  the  embryo  dies, 
and  the  eggs  sink  to  the  bottom  of  the  solution. 

The  same  occurs,  only  much  more  rapidly,  if  the  eggs  are  put  into  a 
10/8  m  solution  of  CaCl2,  or  MgCl^  or  SrCL,  or  Bad, 

If  we  prepare  a  mixture  of  50  cubic  centimeters  3  in  NaCl  +  % 
cubic  centimeters  10/8  m  CaCL,  the  eggs  will  float  on  top  of  such  a 
solution  for  three  days  or  more.  If  we  substitute  SrCU  for  CaCL  the 
result  is  the  same.    The  addition  of  MgCl2  or  BaCL  to  a  3  m  NaCl 
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solution  has  the  same  effect,  only  that  the  eggs  will  not  float  quite  as 
long  on  top  of  the  solution.  The  experiment  is  still  more  striking 
if  we  use  a  mixture  of  NaCl  +  KCI  +  CaCL.  I  have  seen  the  eggs 
float  on  the  surface  of  a  2  1/2  m  solution  of  NaCl+KCl+CaCL,,  for 
31  days,  and  during  all  that  time  the  yolk  sac  hardly  shrank,  and 
the  embryo  kept  alive ;  while  eggs  of  the  same  culture  sank  in  a  pure 
2  1/2  m  solution  in  less  than  three  hours. 

The  explanation  of  these  experiments  is  simple.  The  egg  mem- 
brane of  Fundulus  is  practically  impermeable  for  water,  and  this 
explains  why  the  eggs  do  not  shrink,  but  continue  to  develop  in  a  3  m 
balanced  solution.  If  we  put  them,  however,  into  a  pure  3  m  NaCl 
solution,  the  NaCl  alters  the  membrane  and  renders  it  more  perme- 
able. The  consequence  is  that  the  normally  inpermeable  membrane 
becomes  now  permeable  for  water  and  slightly  permeable  for  salts*. 
As  a  consequence  the  egg  loses  water,  its  specific  gravity  is  increased, 
and  it  sinks.  If  we  put  it  into  a  mixture  of  3  m  NaCl+10/8  m 
CaCl2,  the  latter  prevents  the  increase  of  permeability  which  the  3  m 
NaCl  would  produce  if  it  were  alone  in  solution. 

The  correctness  of  this  interpretation  is  proved  by  the  following 
experiments:  When  we  put  the  fertilized  eggs  of  Fundulus  into  a 
10/8  m  solution  of  CaCl2  for  only  four  minutes  and  then  put  them 
back  into  sea  water  they  will  continue  to  develop  normally.  If,  how 
ever,  we  put  them  into  the  test  solution,  where  they  should  float  for 
three  days  or  more,  they  will  sink  in  less  than  1J  hours.  This  shows 
that  the  short  treatment  with  a  CaCl2  solution  had  no  other  effect 
but  to  increase  the  permeability  of  the  egg  membrane. 

In  a  similar  way  it  can  be  shown  that  a  3  m  NaCl  solution  increases 
the  permeability  of  the  egg  membrane  long  before  it  injures  the 
embryo  or  causes  the  egg  to  sink.  If  we  put  eggs  of  Fundulus  for 
an  hour  into  a  3  m  NaCl  solution,  they  are  to  all  appearances  nor- 
mal. Yet.  if  we  put  them  into  the  test  solution,  they  will  sink  in 
less  than  five  hours. 

In  this  way  we  can  prove  that  the  treatment  of  the  eggs  with  a 
Tjonbalanced  injurious  salt  solution  causes  primarily  an  increase  in 
the  permeability  of  the  membrane.  The  antagonistic  action  by  a 
second  salt  consists  in  the  inhibition  of  this  effect. 

Osterhout's  experiments. 

4.  The  increase  in  permeability  caused  by  acids  or  salts  is  reversible. 
If  the  egg^  are  put  for  40  minutes  into  a  4/5000  N  H2S04  solution, 
their  permeability  is  much  increased,  and  they  sink  in  the  test  solution 
in  less  than  two  hours.  If  they  are  put  into  sea  water,  their  normal 
impermeability  is  restored  in  four  hours.  After  a  treatment  with  an 
Kjually  concentrated  solution  of  HC1,  it  takes  still  longer  until  the 
rial   impermeability  is  restored.     The   simo  reversibility  of  th* 
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effects  of  a  CaCl2  solution  or  NaCl  solution  upon  the  permeability 
of  the  membrane  can  be  observed. 

I  studied  the  conditions  for  this  recovery  and  found  that  this  also 
is  due  to  an  action  of  salts.  If  the  eggs  are  treated  for  40  minutes 
with  a  4/5000  N  solution  of  HC1  or  H2S04,  they  will  recover  com- 
pletely, after  some  time,  if  put  into  sea  water  or  a  neutral  m/2 
solution  of  NaCl+KCl+CaCl2.  If  they  are  put  into  distilled  water, 
the  eggs  will  continue  to  live  and  the  embryos  will  hatch,  but  their 
natural  impermeability  will  not  be  restored.  If  they  are  put  at  any 
time  into  the  test  solution,  they  will  sink  in  a  few  hours,  no  matter 
how  long  they  remain  in  the  distilled  water. 

We  can,  therefore,  summarize  the  results  of  these  experiment-,  as 
well  as  of  many  others,  by  the  statement  that  the  antagonistic  action 
of  salts  is  due,  in  all  cases  where  an  analysis  of  these  phenomena  is 
possible,  to  a  prevention  of  the  increase  in  permeability  which  a  salt 
would  have  if  it  were  alone  in  solution.  The  fact  that  these  injurious 
effects  are  reversible  indicates  that  the  changes  in  permeability  may 
play  a  great  role  in  the  physiology  and  pathology  of  cells,  a  fact  to 
which  Osterhout  has  also  called  attention.  The  experiments  show 
that  the  salts  are  responsible  for  the  reversibility  of  the  increase  in 
permeability.  It  is  also  of  importance  that  these  experiments  seem  to 
prove  that  the  antagonistic  action  of  acids  and  salts,  and  possibly  of 
electrohTtes  in  general,  is  due  to  an  action  upon  proteins. 


THE  ROLE  OF  SURFACE  TENSION  IN  DETERMINING  THE  DISTRIBU- 
TION OF  SALTS  IN  LIVING  MATTER. 

A.  B.  Macalltjm,  M.  B.,  Sc.  D.,  F.  R.  S.,  Professor  of  Biochemistry  in  the 

University  of  Toronto. 

The  distribution  of  salts  in  living  matter  is,  in  the  current  concep- 
tion of  physiology,  supposed  to  be  governed  by  the  ordinary  forces 
that  determine  the  distribution  of  substances  dissolved  in  a  simple 
voluminous  fluid.  These  forces,  apart  from  the  solvent  action  of  the 
fluid,  are  the  same  as  those  which  effect  the  distribution  of  the  mole- 
cules of  a  gas  in  the  space  which  it  occupies.  The  substances  dis- 
solved are  thus  conceived  to  be  in  that  state  of  rarefaction  which 
would  put  them  each  in  the  state  of  a  gas,  compressed  or  confined  by 
the  boundaries  of  the  solution,  just  as  a  gas  is  confined  by  the  walls 
of  the  containing  vessel.  Each  solute  then  is  in  a  state  in  which 
the  gas  laws  apply.  If  the  solute  is  a  simple  nonelectrolyte — that  is, 
does  not  serve  as  a  conductor  for  electricity  in  the  solution — the  pres- 
sure its  molecules  exert  as  a  gas  is  in  proportion  to  its  molecular 
concentration.  If,  on  the  other  hand,  the  solute  is  a  conductor  and 
the  solvent  is  water,  few.  more,  or  many  of  its  molecules  are  dis- 
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sociated,  each  one  of  the  resulting  dissociated  parts,  the  ions,  acts 
as  a  molecule  acts,  and  in  consequence  the  pressure  the  solute  exerts 
is  in  proportion  not  to  the  molecular  concentration  but  to  the  number 
of  the  ions  and  the  molecules  undissociated. 

This  pressure  derived  from  the  molecules  of  the  solute  is  called 
the  osmotic  pressure  because  it  is  supposed  to  be  the  force  that  is 
concerned  in  the  exchange  of  solvent  and  solution  through  a  per- 
meable membrane  or  of  pure  solvent  through  a  semipermeable  mem- 
brane. Osmosis  is,  on  this  conception  of  the  nature  of  a  solution,  a 
series  of  phenomena  the  causation  of  which  is  due  to  the  operation, 
in  the  last  analysis,  of  gas  laws.  The  ultimate  effect  of  the  operation 
of  this  force  is  the  equalization  of  pressure  not  only  throughout  the 
solution  but  also  on  both  sides  of  the  membrane.  In  no  case  should 
the  derived  pressure  on  one  side  of  a  membrane  rise  to  a  degree 
higher  than  its  source  on  the  other  side  of  the  membrane. 

In  recalling  these  familiar  points  in  the  current  theory  of  osmosis, 
the  motive  is  to  prepare  for  a  clearer  conception  of  the  forces  that 
are  fundamentally  involved  in  the  distribution  of  salts  in  the  cells 
and  tissues  of  the  living  organism.  It  is  not  of  course  intended  at 
the  present  moment  to  question  the  validity  of  the  hypotheses  that  are 
at  the  foundation  of  the  accepted  theory  of  osmosis.  This  theory 
appears  to  be  supported  by  such  a  large  number  of  observations  and 
results,  derived  from  experiments  devised  for  the  purpose  of  investi- 
gating osmotic  phenomena,  that  it  is  regarded  by  many  chemists, 
physicists,  and  even  physiologists  as  securely  established  on  the  bed- 
rock of  fact.  It  is,  nevertheless^  not  to  be  assumed  that  the  evidence 
in  its  favor  is  absolutely  overwhelming,  for  even  the  most  enthusiastic 
among  its  exponents  would  not  claim  that  there  are  no  facts  which 
run  counter  to  it.  It  is  not,  however,  the  aim  of  the  writer  to  discuss 
these  or  to  deny  the  usefulness  of  the  theory  in  its  application  in 
purely  physical  or  chemical  conditions.  His  concern  is  rather  to  call 
attention  to  its  inadequacy  in  explaining  physiological  osmosis  or 
exchange  through  living  membranes,  tissues,  and  cells. 

When  the  van  't  Hoff-Arrhenius  theory  was  first  advanced,  it  was 
welcomed  by  physiologists  with  acclaim,  because  it  appeared  to  fur- 
nish a  complete  explanation  of  the  phenomena  of  secretion,  absorp- 
tion, and  of  the  processes  involved  in  the  exchange  between  blood  and 
lymph  and  between  lymph  and  cell  contents.  It  was  not  regarded  as 
ible  that  there  should  be  a  great  gulf  fixed  between  physiological 
osmosis  and  physical  osmosis,  and  evidence  of  a  close  relation  between 
the  two,  o£ indeed  their  complete  identity,  was  eagerly  sought  on  all 
hands.  Now,  after  twenty  years,  the  physiologist  is  in  a  position  to 
say  how  far  those  hopes  have  been  met,  and  the  outcome  is  an  attitude 
of  dissatisfaction.    Not  only  have  the  phenomena  of  osmosis  in  living 
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tissues  not  been  explained  on  the  basis  of  the  theory,  but  there  are 
facts  which  seem  to  contradict  it  completely.  The  phenomena  of 
secretion  and  absorption  in  genera]  are  not  rendered  more  intelligibly 
with  its  aid,  and  it  gives  us  no  assistance  whatever  in  some  cardinal 
difficulties.  There  is,  for  instance,  renal  secretion.  In  this  the  osmotic 
pressure  should  not  exceed  the  osmotic  pressure  of  the  blood  or  lymph, 
and  yet  the  urine  may  have  an  osmotic  pressure  in  excess  of  that  of 
the  blood  or  lymph  up  to  as  much  as  five  or  six  times  the  latter. 
Here  indeed  the  derived  pressure  rises  higher  than  its  head  or  source. 
This  fact  is  not  only  irreconcilable  with  the  van  't  Hoff-Arrhenius 
theory,  but  it  seems  to  contradict  the  second  law  of  thermodynamics. 
Maxwell  did,  indeed,  postulate  that  it  was  possible  for  energy  to 
pass  from  a  system  where  it  was  low  to  one  where  it  was  high,  but  he 
invoked  for  this  purpose  the  aid  of  microscopic  or,  shall  I  say, 
ultramicroscopic  demons,  to  sort  and  separate  out  with  the  aid  of 
shutters  the  molecules  endowed  with  a  high  energy  from  those  having 
only  a  low  energy  or  velocity.  The  facts  of  renal  excretion  have 
driven  some  physiologists  back  to  that  explanation.  The  structures 
that  are  involved  in  this  excretion  are  minute  microscopic  elements, 
cells  which  appear  to  permit  solutes  to  pass  freely  through  them  from 
the  blood  and  lymph  into  the  urine,  but  not  to  return  from  the  urine 
into  the  blood  or  lymph.  The  cells  thus  act  as  the  demons  and  the 
shutters  in  Maxwell's  system,  for  what  else  is  signified  in  the  sup- 
position that  a  vital  force  is  involved  in  the  separation  of  a  urine  of 
high  concentration  ? 

It  is  necessary,  therefore,  to  turn  to  some  other  explanation  for 
assistance  in  our  efforts  to  understand  what  is  involved  in  physio- 
logical osmosis.  The  mistake  made  in  the  application  of  the  current 
theory  of  osmosis  is  that  it  postulated  in  physiological  systems  only 
those  conditions  which  are  supposed  to  obtain  in  a  system  of  two 
fluids,  one  a  solution  and  the  other  the  pure  solvent,  separated  by  a 
membrane  which  has  no  other  property  except  that  of  being  per- 
meable to  the  molecules  of  the  solvent.  Such  a  membrane  does  not 
exist,  nor  can  it  be  made.  Even  the  cupric  ferrocyanide  membrane 
used  by  Pfeffer,  by  which  he  obtained,  in  the  case  of  sugar  solutions, 
the  results  which  constituted  a  signal  foundation  for  the  van  't  Hoff 
Arrhenius  gas  theory  of  solutions  can  not  now  be  regarded  as  answer- 
ing the  conditions  demanded  by  the  theory. 

One  of  the  factors  neglected  in  all  such  theories  of  osmosis  was 
surface  tension.  It  was  not,  however,  left  wholly  out  of  considera- 
tion, for  Poisson  1  85  years  ago  advanced  the  view  that  capillarity, 
acting  through  the  pores  of  a  dialyzing  membrane,  determined  the 
direction  and  the  volume  of  the  flow  or  exchange  through  the  mem- 
brane from  one  fluid  to  the  other.  Nevertheless,  all  the  subsequent 
66692— vol  2,  pt  1—13 30 
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work  till  within  10  years  ago.  when  Traube's  crusade  against  the 
currently  accepted  theory  began,  almost  completely  ignored  surface 
tension. 

The  neglect  of  surface  tension  as  a  factor  entailed  more  striking 
effects  in  physiological  osmosis  than  in  purely  physical  examples  of 
osmosis.  Physiological  membrances  are  constituted  of  cells,  and 
these  present,  on  their  interior  as  well  as  on  their  exterior,  interfaces 
of  enormously  large  areal  value  as  compared  with  the  areal  value  of 
the  surface  of  a  simple  physical  membrane  of  homogeneous  consti- 
tution. On  all  these  interfaces  surface  tension  plays  its  part.  Fur- 
ther, the  cytoplasm  of  each  cell  represents  a  mixture  of  two  phases, 
one  protein-water,  the  other,  water-protein,  the  former  of  which 
exists,  in  all  probability,  in  the  form  of  discrete  particles,  dispersoids, 
as  they  may  be  termed,  of  ultramicroscopic  size",  each  of  which,  in 
contact  with  the  other  phase,  the  water-protein  medium,  presents  an 
interface  where  the  force  of  surface  tension  operates  in  a  greater  or 
less  degree  than  on  the  surface  of  the  cytoplasm  as  a  whole.  There 
are,  besides,  the  vacuoles,  granules,  and  other  cellular  inclusions,  all 
of  which  postulate  the  occurrence  of  interfaces  where  surface  tension 
acts. 

What  this  means  in  a  general  way  may  be  made  clear  by  a  simple 
illustration.  If  a  solution  of  potassium  permanganate,  or  some  other 
salt  giving  a  colored  solution,  be  allowed  to  trickle  through  a  layer 
of  sand  of,  say,  a  couple  of  feet  in  thickness,  the  fluid  which  first 
issues  may  be  completely  colorless,  owing  to  the  operation  of  sur- 
face tension  on  the  interface  formed  by  each  sand  particle  in  con- 
tact with  the  solution.  The  molecules  of  the  dissolved  potassium 
permanganate  are  condensed  on  the  surface  of  each  particle  and 
held  there,  and  the  fluid  that  passes  on,  bathing  the  surfaces  of  suc- 
cessive sand  'particles,  becomes  less  and  less  concentrated,  until 
finally  it  attains  the  stage  of  infinite  dilution,  when  it  appears  color- 
less. This  condensation  is  a  surface  tension  effect*  due  to  the  action 
of  the  Gibbs-Thomson  principle  of  surface  condensation.  The  sand 
particles  are  themselves  inert,  the  solution  does  not  penetrate  into 
their  interiors,  and  neither  the  solvent  nor  the  solute  enters  into 
chemical  combination  with  the  silica  constituting  the  particles.  The 
resulting  condensation  is  therefore  a  purely  physical  effect. 

Now  if  we  suppose  the  particles  to  be  replaced  by  living  cells, 
each,  unlike  the  sand  particles,  of  microscopic  size,  there  will  be 
not  only  an  increase  of  inter  facial  area,  where  condensation  may 
lake  place,  but  also  a  penetration  of  the  cells  by  the  solution,  and  in 
consequence  the  solute  or  solutes  which  enter  the  cells  may  undergo 
Therein  an  unequal  distribution  through  the  operation  of  the  Gibbs- 
Thcmson  principle.     This  latter  should,  on  a  priori  grounds,  be  re- 
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garded  as  an  all-important  factor  in  determining  diffusion  through 
cells. 

The  theoretical  reasons  for  assuming  the  Gibbs-Thomson  princi- 
ple to  be  of  such  importance  in  osmosis  are  fortified  by  facts.  These 
latter  are  the  results  of  purely  physical  investigations  on  surface 
tension  condensations  as  well  as  of  observations  in  microchemistry, 
furnishing  ocular  demonstrations  of  the  occurrence  of  such  conden- 
sations in  living  cells.  To  understand  fully  the  bearing  of  these  it  is 
necessary  to  enter  into  an  explanation  of  some  of  the  elementary 
points  involved,  and  the  first  to  be  thus  treated  is  the  Gibbs-Thom- 
son  principle. 

This  principle  involves  the  fundamental  fact  that  if  a  substance 
dissolved  in  a  fluid  system  (e.  g.,  a  drop  of  water)  increases  the  sur- 
face tension  of  the  latter,  it  is  less  concentrated  in  the  surface  than 
elsewhere  in  the  system,  while  a  substance  which  lowers  the  surface 
tension  is  more  concentrated  in  the  surface.  The  surface  tension  of 
the  s)rstem  may  be  lowered  over  the  whole  or  a  part  of  the  system 
by  putting  it  in  contact  with  other  surfaces,  fluid  or  solid,  and  a  dimi- 
nution of  surface  tension  takes  place  when  solids  or  other  fluid  sys- 
tems are  introduced  into  its  interior,  the  diminution  obtaining  on 
the  interfaces  where  the  fluid  comes  in  contact  with  the  solids  or 
with  the  introduced  fluid  systems.  Thus  the  surface  tension  of  water 
at  its  contact  with  sand  particles  or  with  spherules  of  oil  or  other  im- 
miscible fluids  is  reduced. 

Now  wherever  surface  tension  is  reduced,  as  in  the  illustration 
cited,  the  solute  or  solutes  are  condensed,  whether  they  tend  under 
other  conditions  to  raise  or  lower  surface  tension.  This  explains  the 
condensation  of  potassium  permanganate  on  the  surface  of  the  sand 
particles.  The  degree  of  condensation,  or,  in  the  case  of  increase  of 
surface  tension,  of  a  diminution  of  concentration  at  an  air-fluid  sur- 
face, depends  on  the  extent  of  the  diminution  or  increase  of  surface 
tension,  as  well  as  on  the  concentration  of  the  solute  throughout 
the  system,  but,  assuming  the  application  of  the  gas  laws  to  dilute 
solutions,  the  concentration  as  deduced  from  Gibbs's  formula  would 
be: 

o  C       da 

iRT"  dC 

Where  S  is  the  surface  excess  or  deficiency  per  unit  of  surface 
area  of  the  part  affected,  C,  the  concentration  throughout  the  fluid, 
a,  the  surface  tension  value  per  centimeter.  iR  the  gas  constant,  and 
T  the  absolute  temperature. 

The  value  of  S,  as  experimentally  ascertained,  except  in  certain 
determinations  made  within  the  last  three  years,  was  very  small,  and 
these  ranged  from  a  deficit  of  0.024  milligram  per  square  meter  of 
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surface  in  normal  solution  of  sodium  chloride  to  an  excess  of  0.4 
milligram  of  sodium  oleate  per  square  meter  in  a  -^  solution  of  that 
soap.  These  values,  if  they  were  the  only  ones  accessible,  would 
make  surface  concentration  a  negligible  factor  in  fluid  systems,  ex- 
cept for  problems  of  very  limited  theoretical  interest,  but  the  results 
of  Lewis's  determinations  of  surface  concentration  at  aqueous  solu- 
tion-oil interfaces  and  at  aqueous  solution-mercury  interfaces  give 
surface  concentration  a  value  which  is  of  surpassing  interest  in  the 
explanation  of  a  large  number  of  physical  and  physiological  prob- 
lems. For  the  proper  appreciation  of  those  determinations  the 
reader  must  consult  Lewis's  papers.  There  is  opportunity  here  only 
for  a  brief  indication  of  them.  In  a  0.25  per  cent  solution  of  sodium 
glycocholate  the  concentration  at  the  interfaces  formed  with  drop- 
lets of  hydrocarbon  oil  was  70  times  the  theoretic  value,  and,  at 
interfaces  formed  with  droplets  of  mercury,  it  was  25  times  the  theo- 
retical value.  In  a  sodium  oleate  solution  the  concentration  at  the 
solution-oil  interface  was  about  100  times  the  value  given  by  Gibbs's 
equation.  With  solutions  of  sodium  hydrate,  Congo  red,  and  methyl 
orange  the  concentrations,  as  experimentally  ascertained,  were 
respectively  43,  25,  and  20  times  the  theoretic  value.  In  the  case  of 
inorganic  solutes  the  quantity  adsorbed  exceeded  the  theoretic 
amount,  but  it  was  chiefly,  the  cation  that  was  so  affected.  With 
silver  nitrate,  the  silver  adsorbed  was  5  times  in  excess;  with 
cupric  chloride,  the  copper  was  17 ;  and  with  potassium  chloride,  the 
potassium  was  more  than  30  times  the  value  calculated  from  the 
equation.  The  excess  of  the  cation  is,  in  Lewis's  opinion,  probably 
due  to  electrical  effects,  since  the  oil  used  was  negatively  charged 
and  the  potential  difference  between  the  oil  and  water  was  approxi- 
mately 0.05  volt.  The  great  excess  of  amount  adsorbed  in  the  case 
of  each  organic  compound  could  only  be  explained,  according  to 
Lewis,  by  supposing  that  the  adsorbed  material  is  in  a  gelatinized 
or  colloidal  condition  on  the  surfaces  of  the  droplets  of  oil  or 
mercury. 

Even  when  considerable  allowance  is  made  for  experimental  er- 
rors in  Lewis's  results,  the  concentrations  found  by  him  are  of  such 
a  magnitude  as  to  claim  attention  by  physiologists  and  biochemists. 
Taken  in  conjunction  with  a  number  of  facts  which  I  have  observed 
in  my  microchemical  studies,  they  make  it  imperatively  necessary 
to  revise  our  views,  not  only  as  to  the  manner  in  which  salts  are  dis- 
tributed in  living  cells,  but  also  as  to  the  primary  factor  concerned 
in  physiological  osmosis.  Interfacial  surfaces  exist  in  living  cells 
and  also  on  their  surfaces  in  tissues,  and,  on  a  priori  grounds,  the 
tensions  on  these  interfaces  should  determine,  because  of  the  rela- 
tively great  areal  value  of  these  interfaces,  the  distribution  of  the 
solutes  in  the  cells  and  about  them. 


Macallum.]         SURFACE   TENSION    AND   DISTRIBUTION    OF   SALTS.  469 

The  clearest  evidence  that  this  is  the  case  is  supplied  by  my  own 
microchemical  studies  on  the  distribution  of  potassium  salts  in  cells 
and  tissues.  By  means  of  the  cobalt  sodium  hexanitrite  reagent  for 
potassium,  used  as  I  have  elsewhere  indicated,  it  is  possible  to  dem- 
onstrate under  the  microscope  presence  of  potassium  when  it  is  in 
a  concentration  almost,  or  approximately,  as  low  as  1  in  1,000,000 
As  the  reaction  which  precipitates  the  potassium  is  instantaneous  in 
character  it  may  be  relied  upon  to  indicate  the  localization  in  living 
matter  of  potassium  salts.  A  number  of  precautions  must,  of  coarse, 
be  observed  in  its  use  on  living  tissues,  one  of  which  must  be  that  the 
reagent  shall  get  immediate  access  to  the  structures  in  which  thre 
localization  of  potassium  is  to  be  investigated.  For  this  purpose 
the  tissues  must  be  rapidly  frozen  with  a  C02  spray  while  they  arc 
still  fresh  and  sections  prepared  of  not  thicker  than  20|a,  which  must 
be  allowed  to  enter  the  reagent  while  still  frozen.  The  reagent  pene- 
trates all  parts  of  such  sections  immediately  and  precipitates  the 
potassium  wherever  it  occurs,  and  its  distribution  may,  after  appro- 
priate treatment,  be  determined  under  the  microscope. 

In  the  case  of  isolated  cells,  whether  derived  by  teasing  from 
tissues  or  of  protozoan  or  protophytan  forms,  the  reagent  may  be 
directly  applied.  Here  the  reagent  penetrates  each  cell  rapidly 
and  localizes  the  potassium  salt. 

The  results  of  the  application  of  this  method  show  that  condensa- 
tion, on  interfaces  and  in  surfaces  where  the  tension  is  low,  is  a  dis- 
tinct factor  in  determining  the  distribution  of  salts  in  tissues  and 
cells.  On  the  external  surfaces  of  pancreatic  and  salivary  tubules, 
and  on  the  external  surfaces  of  those  convoluted  tubules  that  were 
active  in  excretion  when  the  kidney  from  which  the  preparations 
were  made  were  removed,  marked  condensations  were  found,  corre- 
sponding in  position  with  the  interfaces  formed  by  the  lymph  in 
contact  with  the  external  ends  of  the  gland  cells.  *In  nerve  tissue 
potassium  forms  a  similar  deposit  about  the  nerve  and  ganglion  cells 
at  the  lymph -nerve  cell  interfaces. 

Inside  of  cells,  potassium  forms  condensation  layers  on  the  surfaces 
next  to  the  lumen  in  each  secreting  pancreatic  and  submaxillary  cell, 
and  in  the  cells  of  active  convoluted  tubules  in  the  kidney.  The  occur- 
rence of  these  condensation  layers  next  to  the  lumina  indicate  very 
clearly  that  the  lumen  surfaces  of  such  secreting  cells  are  under  lower 
surface  tension  than  either  the  lateral  or  external  surfaces  of  the 
same  cells  during  their  activity,  that  is,  their  secreting  or  excreting 
phase.  It  may,  indeed,  from  present  evidence,  be  advanced  as  a  gen- 
eral law  that  in  the  actively  secreting  or  excreting  cell  the  secreting 
surf  nee  has  always  a  surface  tension  lower  than  that  of  any  other 
surface  and  especially  than  that  of  the  surface  at  the  opposite  pole 
of  the  cell.     It  may  also  be  stated  as  a  general  fact  that  in  pancreatie 
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and  salivary  cells  in  active  secretion,  and  in  cells  of  the  actively 
excreting  convoluted  tubules  of  the  kidney,  apart  from  the  condensa- 
tion layers  referred  to,  the  cytoplasm  gives  no  indication  of  the  pres- 
ence of  potassium.  In  other  words,  though  the  condensation  layers 
of  potassium  may  indicate  a  high  degree  of  concentration  of  potas- 
sium, yet  the  cytoplasm  elsewhere  may  contain  not  more  than  1  part 
in  1,000,000.  It  is  evident,  therefore,  that  when  potassium  salts  enter 
such  cells  they  are  swept  at  once  to  the  surface  of  low-surface  tension. 
Surface  tension,  accordingly,  dominates  the  distribution  of  potassium 
salts  in  secreting  and  excreting  cells. 

It  dominates  it  also  in  nerve  cells.  The  axon  of  a  nerve  cell,  as 
well  as  its  dendrites,  exists  only  because  the  surface  tension  of  the 
superficial  film  of  the  axon  and  of  each  dendrite  is  less  than  that 
of  the  surface  of  the  body  of  the  cell.  Now  the  only  potassium 
found  in  a  nerve  cell  obtains  in  the  superficial  portion  of  each  axon  ; 
that  is,  surface  condensation  occurs  here  also.  Whether  there  is  a 
condensation  in  the  superficial  film  of  each  dendrite  can  not  be  de- 
termined, chiefly  because  of  the  difficulty  in  localizing  it  there  under 
the  microsope.  The  quantity  in  the  cytoplasm  of  the  nerve  cell  itself 
must  be  at  most  only  1  in  1,000,000.  Consequently,  when  potassium 
salt  penetrates  a  nerve  cell,  it  must  be  swept  to  the  region  of  low- 
surface  tension. 

In  striated  muscle  fiber  the  distribution  of  potassium  wholly  at 
the  two  extremities  of  each  sarcous  disk,  while  the  muscle  is  un- 
contracted,  and  the  tendency  it  shows  to  diffuse  uniformly  through- 
out the  sarcous  disk  when  the  muscle  begins  to  construct,  can  only 
be  explained  on  the  supposition  that  surface  tension  is  the  deter- 
mining factor  in  this  distribution. 

In  the  cells  of  other  tissues  potassium  is  localized,  not  diffusely, 
but  in  points  and  masses  in  the  cytoplasm,  in  such  a  manner  as  to 
compel  a  resort  to  surface  tension  as  a  factor  by  way  of  explanation. 
In  the  cells  of  vegetable  tissues  this  is  also  the  case.  In  not  a  few 
instances,  in  vegetable  forms  also,  in  which  prolongations  of  cells 
occur,  to  be  accounted  for  only  as  due  to  the  production  of  low  sur- 
face tension  at  the  points  where  the  prolongation  occurs,  there  is  a 
condensation  layer  of  potassium  under  and  in  the  surface  where  the 
prolongation  develops.  This  is  specially  the  case  in  conjugating 
Spirogyra,  Mesocarpus,  and  Zygnema,  and  in  primary  root  hairs 
of  the  spores  of  Equisetum  arvense.  In  these  forms,  under  other 
conditions,  the  potassium  is  always  localized,  not  indeed  so  strik- 
ingly as  in  the  conjugating  forms,  in  single  superficial  condensation 
deposits,  but  yet  in  such  a  manner  as  to  suggest  the  explanation  that 
surface  tension  is  the  casual  factor. 

Perhaps  the  most  striking  and  convincing  demonstration  of  the 
action  of  surface  tendon  in  determining  the  distribution  of  potassium 
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salts  in  a  living  cell  is  to  be  obtained  in  marine  species  of  Aoineta. 
The  Acinetm  are  Suctorian  Protozoa,  in  adult  condition  stalked  and 
sessile,  and  obtaining  their  food  through  tentacles  which  are  extended 
from  two  hillocks  on  the  anterior  surface  of  the  cell.  These  tentacles 
are  extended  only  when  the  organism  seeks  food  or  is  absorbing  food 
from  its  prey.  In  the  cytoplasm  are  usually  a  large  number  of 
spherules  of  food  matter,  chiefly  composed  of  protein,  each  of  which 
lies  separate  and  in  a  cavity  of  its  own.  There  is  also  the  reproductive 
excretory  cavity,  into  which  grows  the  bud  of  the  cytoplasm,  by  which 
reproduction  takes  place.  The  extension  of  the  tentacles  is  un- 
doubtedly due  to  low  surface  tension  at  points  on  the  hillocks  where 
they  arise,  as  well  as  on  the  surface  of  the  shaft,  and  the  capitate  end 
of  each  tentacle  when  extended.  There  is  also  low  surface  tension  at 
the  interface  between  each  spherule  and  the  inclosing  cytoplasm,  and 
at  the  cytoplasm-germbud  interface.  If  now  potassium  salts  occur  in 
Acinetm  they  should  be  found  in  condensation  layers  in  the  surface 
films  of  the  tentacles  and  on  the  cytoplasm  spherule  and  the  cyto- 
plasm-germbud interfaces,  and  very  little,  if  any,  in  the  cytoplasm 
generally. 

This  is  what  has  been  actually  found.  In  the  superficial  film  of 
each  extended  tentacle  there  is  an  extraordinarily  dense  concentration 
of  potassium,  a  less  marked  but  still  very  distinct  condensation  at 
•the  cytoplasm-germbud  interface,  and  usually  a  very  much  less  dis- 
tinct condensation  at  each  cytoplasm-spherule  interface,  while  the 
cytoplasm  generally  gives  no  reaction  for  potassium,  a  fact  which 
would  indicate  a  concentration  of  potassium  salt,  generally  diffused, 
of  about  or  less  than  1  in  1,000,000.  When  the  surface  tension  in  the 
tentacles  rises,  and  they  begin  to  retract,  then  the  potassium  salt  of 
their  superficial  condensation  layers  begins  to  diffuse  into  the  cyto- 
plasm, first  into  the  cytoplasm  immediately  under  the  hillocks,  and 
later  and  gradually  into  the  rest  of  the  cytoplasm.  When  the  ten- 
tacles have  completely  retracted  the  greater  part  of  the  potassium  salt 
they  contained  is  now  being  distributed  throughout  the  cytoplasm, 
chiefly  or  almost  wholly,  however,  on  the  cytoplasm-spherule  inter- 
faces and  on  the  cytoplasm-germbud  interface.  Eventually,  so  long 
as  the  tentacles  are  withdrawn,  the  whole  of  the  potassium  present — 
that  is,  all  that  can  be  demonstrated — is  found  condensed  on  these 
interfaces. 

All  the  phenomena  involved  in  the  distribution  of  potassium  salts 
in  Acineta,  therefore,  leave  no  doubt  that  the  causal  factor  in  this 
distribution  is  surface  tension.  There  is;  however,  more  to  be  learned 
from  the  facts  observed  in  connection  with  this  distribution. 

When  the  tentacles  are  extended  the  potassium  condensation  in 
their  surface  films  is  greater  than  it  is  in  the  sea  water  of  the  habitat 
of  the  Aeinetae  investigated.     A  high  concentration  of  potassium  in 
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the  surface  films,  a  lower  one  in  the  sea  water,  and  a  concentration  in 
the  cytoplasm,  generally  so  low  that  it  does  not  much,  if  at  all,  exceed 
1  in  1,000,000,  are  all  facts  indicating  that  surface  tension  is  a  domi- 
nant factor  in  osmosis  as  well  as  in  the  distribution  of  salts  in  living 
cells.  The  potassium  in  the  surface  films  of  the  tentacles  does  not 
diffuse  into  the  sea  water,  nor  does  the  potassium  of  the  sea  water 
diffuse  through  the  surface  film  any  more  than  it  diffuses  from  the 
surf  ace -films  into  the  subjacent  cytoplasm,  for  then  there  would  be 
equality  of  concentration  within  and  without  the  cell.  This  imper- 
meability of  the  surface  films  to  potassium  salts  from  without  can  not 
be  due  to  lipoids,  for  then  potassium  salts  would  not  penetrate  the 
surface  films  from  the  cytoplasm  below  to  condense  in  them.  The 
force  that  condenses  the  potassium  salts  in  the  films  prevents  it  diffus- 
ing in  either  direction  so  long  as  that  force  operates.  Surface  tension 
may  then  play  its  part  in  regulating  exchange  across  interfaces  such 
as  are  found  in  physiological  membranes. 

This  brings  us  back  to  the  cardinal  difficulty  encountered  in 
attempts  to  explain  physiological  osmosis  on  the  basis  of  the  van  't 
Hoff-Arrhenius  theory  of  solutions.  It  was  pointed  out  that  this 
theory  did  not  enable  us  to  comprehend  how  the  kidney  could  excrete 
a  fluid  of  greater  osmotic  concentration  than  that  of  the  blood  plasma 
itself.  With  the  assistance  of  the  concepts  regarding  surface  tension 
that  have  been  advanced  above  we  are  in  a  position  to  understand  the 
processes  involved  fully. 

As  pointed  out  above,  potassium  salts  are  condensed  on  the  external 
surface  as  well  as  in  the  lumen  surface  of  each  actively  excreting  cell 
of  a  convoluted  tubule.  The  condensations  at  both  points  may  be 
very  marked,  while  the  general  cytoplasm. of  the  same  cell  may  give 
little  evidence  of  the  presence  of  potassium.  Now,  it  is  evident  that 
all  potassium  salt  or  salts  which  enter  the  external  face  of  such  a  cell 
would  be  swept  through  the  cell  by  the  force  of  surface  tension  to  the 
lumen  border.  Here  it  may  be  condensed  in  a  very  large  quantity, 
but  it  is  exposed  to  the  action  of  the  stream  passing  down  the  lumen 
from  the  glomerulus.  This  stream  is  generally  supposed,  face  the 
Ludwig  theory,  to  be  more  or  less  pure  water.  On  one  side  of  the 
lumen  interface  there  is  water,  or  a  very  dilute  solution  of  salts;  on 
the  other,  a  concentrated  potassium  condensation.  The  passage  of 
water  into  the  cell  would  not  dislocate  the  potassium  salts  from  their 
condensation  layer  so  long  as  the  difference  in  surface  tension  between 
the  lumen  surface  and  external  surface  is  maintained.  The  only 
direction  the  potassium  salts  could  pass  would  be  into  the  lumen,  and 
this  would  be  facilitated,  if  the  surface  tension  were  not  too  low,  as, 
for  example,  it  must  be  in  the  tentacles  of  Acineta.  The  stream  of 
fluid  in  the  channel  of  the  convoluted  tubule  would  thus  become  more 
and  mora  concentrated  as  it  proceeded  downward,  and  thus  it  would 
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have  a  richer  concentration  in  potassium  salts  than  the  blood  plasma 
itself. 

If  now  the  other  salts  of  the  blood  plasma  and  the  organic  sub- 
stances, urea  and  uric  acid,  are  condensed  in  some  measure,  as  they 
probably  are,  on  the  same  surfaces  with  the  potassium  salts,  they 
also  would  become  more  and  more  concentrated  in  the  glomerular 
stream  as  it  passes  down  the  convoluted  tubules,  until,  finally,  it  has 
a  greater  concentration  of  these  solutes  than  the  blood  plasma  has 
Thus  would  arise  the  high  osmotic  pressure  of  the  urine.  . 

To  maintain  a  difference  of  surface  tension  between  the  two  sur- 
faces, lumen  and  external,  which  would  provide  for  such  an  excre- 
tion, energy  must  be  expended.  That  the  kidney  does  use  up  energy 
is  shown  by  Barcroft  and  Brodie,  who  found  that,  as  measured  by 
the  oxygen  consumed,  the  kidney  liberates  about  220  times  as  much 
energy  as  was  required  in  the  osmotic  concentration  of  urine.  This 
energy,  one  can  conceive,  may  be  spent  wholly  or  partially  in  the  de- 
velopment and  maintenance  of  the  difference  of  surface  tension 
postulated  above. 

It  may  be  asked,  if  osmotic  concentration  is  thus  due  to  surface 
tension,  why  the  concentration  of  every  solute  in  the  urine  should 
not  be  the  same  multiple  of  the  concentration  of  the  same  solute  in 
the  blood  plasma.  If  the  same  multiple  obtained  in  each  case,  as, 
for  instance,  2,  then  the  urine  would  have  twice  the  concentration  of 
sodium,  of  potassium,  of  urea,  found  in  the  blood,  whereas  the  actual 
multiple  varies  widely  in  the  case  of  each  solute  and  for  any  sample 
of  urine. 

To  answer  this  question  briefly,  it  is  only  necessary  to  say  that 
Lewis's  observations  seem  to  show  that  the  degree  of  condensation 
varies  for  each  particular  compound;  that,  for  example,  with  sodium 
oleate  it  is  100  times  the  amount  demanded  by  Gibbs's  equation, 
while  with  potassium  it  is  30  times.  No  determinations  have  been 
made  for  sodium  chloride,  calcium,  and  magnesium  salts,  or  for  urea, 
uric  acid,  or  other  waste  metabolites  found  in  urine,  but  it  is  per- 
missible to  suppose  that  degree  of  condensation  varies  with  each, 
and  thus  the  concentration  in  the  urine  would  not  be  a  product  of  a 
constant  and  the  concentration  in  the  plasma.  This,  also,  will  explain 
the  variation  in  the  concentration  of  the  urine  from  hour  to  hour. 

One  other  point  may  be  developed  out  of  this  subject.  Analyses 
of  the  kidney,  pancreas,  liver,  salivary  glands,  and  the  brain  show 
that  the  amount  of  potassium  present  is  approximately  equal  to, 
if  not  in  excess  of,  that  of  the  sodium,  while  in  the  blood  palsma  the 
potassium  is  only  6  to  7  per  cent  of  the  sodium.  Now,  as  pointed 
out  above,  the  potassium  in  the  kidney,  pancreas,  and  salivary  glands, 
is  largely  condensed  at  interfaces,  while  in  nerve  tissue  it  is  present 
chiefly  in  nerve  cell-lymph  interfaces  and  in  the  surface  films  of 
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the  axons.  This  suggests  that  the  discrepancy  between  sodium  and 
potassium  in  the  blood  plasma,  on  the  one  hand,  and  the  organs 
referred  to,  depends  upon,  or  is  caused  by,  difference  between  these 
two  elements  in  the  degree  in  which  they  condense  at  interfaces.  A 
degree  of  condensation  for  potassium  in  its  salts,  considerably  higher 
than  for  sodium  in  its  salts,  would  tend  to  make  the  amounts  of  the 
two  in  the  tissues  nearly  equal  and  thus  account  for  the  amounts  of 
these  two  found  in  the  analyses. 

I  must  now  conclude,  and  as  briefly  as  possible,  in  again  directing 
attention  to  the  central  points  of  this  contribution.  From  all  the 
foregoing  observations,  it  may  be  gathered  how  far  surface  tension 
is  a  factor  in  determining  the  distribution  and  localization  of  salts 
in  the  fluids  and  tissues  of  the  body.  The  forces  governing  the 
distribution  of  salts  in  ordinary  solutions  are  profoundly  modified 
in  tissues  and  organs  by  the  action  of  surface  tension,  which,  as  ex- 
plained above,  is  a  very  important  factor  in  the  processes  of  secretion 
and  excretion.  The  part  this  force  plays  in  determining  the  inor- 
ganic composition  of  the  tissues  and  in  influencing  the  functions  of 
the  organs,  accordingly,  justifies  the  emphasis  which  I  have  sought 
to  give  it  in  this  address. 

"Ann.  de  Chim.  et  de  Physique,  1827,  XXXV,  98. 


TTEBER  DIE  ROLLE  DES  KOCHSALZES  UND  DES  WASSERS  IN  DER 

ERNAHRUNG  DES  MENSCHEN. 

Dr.   Hermann   Stkauss,  Professor  of  Clinical  Medicine.   University  of  Berlin. 

Germany. 

Das  Kochsalz  hat  erst  in  den  letzten  Jahrzehnten  in  der  mensch- 
lichen  Pathologie  diejenige  Beachtung  gefunden,  welche  seiner 
Bedeutung  fur  die  Physiologie  entspricht.  Das  fallt  auf,  wenn  man 
bedenkt,  dass  das  Kochsalz  das  Salz  tcai  eQoxr}*  1st,  das  speziell  fur 
die  Regulierung  der  osmotischen  Spannungen  im  Organismus  in 
besonderem  Grade  Verwendung  findet.  Wir  danken  es  vorzugsweise 
den  physikalisch-chemischen  Forschungen,  dass  unser  Interesse  fur 
die  Bedeutung  des  Kochsalzes  auch  in  der  Pathologie  geweckt  worden 
ist,  und  es  sind  die  Forschungsergebnisse  auf  dem  Gebiete  der  Patho- 
logie im  Laufe  der  letzten  10  Jahre  derartig  geworden,  dass  sie — 
was  man  nicht  selten  beobachten  kann — auch  fur  die  Physiologie 
nach  zahlreichen  Richtungen  hin  anregend  und  klarend  gewirkt 
haben.  Wenn  ich  in  Folgendem,  einer  mich  ehrenden  Aufforderung 
folgend,  ein  Referat  iiber  die  Bedeutung  des  Kochsalzes  und  des 
Wassers  fiir  die  Ernahrung  des  Menschen  erstatte,  glaube  ich  schon 
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aus  dem  soeben  genannten  Grunde  die  aus  den  Forschungen  der 
Pathol  ogie  gewonnenen  Gesichtspunkte  etwas  in  den  Vordergrund 
riicken  zu  diirfen.  Eine  solche  Erlaubnis  mochte  ich  mir  aber  audi 
aus  dem  Grunde  hier  erbitten,  weil  nieine  eigenen  Forschungen  iil>er 
die  Stellung  des  Kochsalzes  und  des  Wassers,  soweit  icli  dieee  hier 
als  Grundlage  zur  Beurteilung  der  folgenden  Fragen  benutzen  will, 
vorzugsweise  an  Kranken  angestellt  sind.  Da  sich  uieiii  Beobach- 
tungsraaterial  vorwiegend  auf  Erwachsene  erstreckt,  so  bitte  ich  mir 
auch  zu  gestatten,  mich  hier  mit  den  einschlagigen  Verhaltnissen  bei 
den  Erwachsenen  mehr  als  mit  denjenigen  im  Kindesalter  zu  beschaf- 
tigen.  Die  Absicht,  kurz  zu  sein,  veranlasst  mich  leider 
auch,  auf  eine  erschopfende  Darstellung  aller  fiir  die  vorliegenden 
Fragen  wichtiger  Punkte  zu  verzichten.  Bei  der  Auswahl  der  ein- 
zelnen  Punkte  hielt  ich  es  ganz  allgemein  fiir  richtig,  Fragen  de- 
Salzstoffwechsels  hier  ausfuhrlicher  zu  betrachten  als  Fragen  des 
Wasserstoffwechsels,  weil  die  jiingste  Zeit — wenigstens  in  der  Patho- 
logies— auf  dem  vorliegenden  Gebiet  mehr  Neues  gebracht  hat,  wie 
auf  dem  letzteren. 

Von  den  uns  hier  interessierenden  Tatsachen  ist  die  wichtigste  die 
schon  langst  gemachte  Feststellung,  dass  der  menschliche  Organis- 
mus  mitr  ganz  enormer  Zahigkeit  die  prozentuale  Konzentration  de^ 
Blutes  und  der  Gewebssafte  an  Kochsalz  festhalt.  Dies  wird  durch 
cine  sehr  scharfe  Bilancierung  zwischen  Ausgabe  und  Einnahme 
erreicht.  Beim  Studium  der  Vorgange,  welche  diesem  Zwecke 
dienen,  muss  man  geradezu  staunen,  wie  exakt  die  Regulationen 
arbeiten,  die  bei  einer  Verminderung  oder  Steigerung  der  Zufuhr  in 
Kraft  treten.  In  normalem — und  meistens  auch  in  pathologischem — 
Zustande  verlasst  das  Kochsalz  den  Organismus  der  Hauptsache 
nach  auf  dem  Wege  der  Nieren.  Die  Abgabe  des  Kochsalzes  von 
seiten  des  Darms  ist,  wenn  nicht  gerade  Diarrhoen  bestehen.  eine 
ausserordentlich  geringe.  Das  vom  Magen  sezernierte  Chlor  wird, 
wenn  nicht  Erbrechen  stattfindet,  im  Darm  resorbiert.  Auf  dem 
Wege  des  Schweisses  kommen  nur  bei  starkerem  Schwitzen  beach- 
tenswerte  Verluste  zustande.  Allerdings  kann  hierbei  der  Kochsalz- 
gehalt  des  Schweisses  nach  Untersuchungen  von  Cramer,  E.  Har- 
nack,  H.  Strauss,  Brieger  und  Disselhorst  unter  Umstanden  mehrere 
Gramm  pro  die  betragen.  Ein  gewisser  Kochsalz verlust  ist  auch 
auf  dem  Wege  einer  reichlichen  Tranensekretion  moglich.  Diese 
Faktoren  spielen  aber  unter  gewohnlichen  Verhaltnissen  eine  S(^ 
geringftigige  Rolle,  dass  man  in  alien  Fragen  des  Kochsalzstofl- 
wechsels  in  erster  Linie  sein  Augenmerk  auf  die  Nieren  richten  muss. 
Es  ist  ausserordentlich  interessant  zu  sehen,  wie  stark  die  Kochsalz - 
ausfuhr  durch  den  Urin  reduziert  wird,  sobald  eine  Verminderung 
der  Kochsalzzufuhr  stattfindet.  Im  Hunger  wird  die  Kochsalzaus- 
scheidung  schon  sehr  bald  auf  nur  ein  Gramm  pro  die  herabgesetzt. 
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So  schied  beispielsweise  der  Hungerkiinstler  Succi  am  11.  bis  12. 
Hungertage  nur  0.36  g  Kochsalz  pro  die  aus.  Ich  habe  wiederholt 
bei  Magenkranken,  welche  an  abundantem  Erbrechen  litten,  tagelang 
nur  minimale  Spuren  von  Kochsalz  im  Urin  feststellen  konnen. 
Dass  der  Mensch  bei  einem  solchen  Spars}^stem  mit  recht  gering- 
fiigigen  Mengen  von  Kochsalz  auszukommen  vermag,  wissen  wir 
schon  lange  durch  Erfahrungen  bei  nomadisierenden  Volkern, 
welchen  nur  Spuren  von  Kochsalz  fiir  ihre  Ernahrung  zur  Ver- 
fiigung  stehen,  aber  auch  durch  exakte  Versuche  an  Gesunden  und 
Kranken.  Als  solche  mochte  ich  hier  die  Versuche  von  A.  Mayer, 
von  Ambard  u.  a.  nennen,  welche  mehrere  Wochen  hindurch  eine 
Kochsalzzufuhr  von  nur  1J  bezw.  If  g  pro  die  ohne  Schaden  ver- 
trugen.  Was  unsere  Erfahrungen  an  Kranken  betrifft,  so  bestatigen 
die  von  den  verschiedensten  Seiten  iiber  Chlorentziehungskuren 
gemachten  Beobachtungen  die  Auffassung  vollauf,  dass  wir  den 
Menschen  mit  nur  wenigen  Gramm  Kochsalz  pro  die  ausreichend 
ernahren  konnen.  Bunge  hat  schon  vor  Jahren  2  gr  ganz  allgemein 
als  geniigend  bezeichnet  und  es  erscheint  vielleicht  zweckmassig, 
diese  Menge  als  "  Nahrsalzration  "  zu  bezeichnen,  wahrend  wir  das 
Plus,  das  von  der  Mehrzahl  der  Kulturmenschen  genommen  wird, 
mit  dem  Namen  der  "  Wiirzsalzration  "  belegen  wollen. 

Auch  bei  volliger  Gesundheit  ist  der  Kochsalzgehalt  des  Orgu- 
nismus  geAvissen,  allerdings  nicht  zu  grossen,  Schwankungen .  unter- 
worfen.  So  kann  man,  wie  ich  selbst  das  mehrfach  bei  Karellkuren 
beobachtet  habe,  die  an  Fettleibigen  angestellt  wurden,  8  bis  10 
gelegentlich  auch  12  g  Kochsalz  dem  Korper  entziehen.  Ambard 
hat  nach  einer  langerdauernden  chlorarmen  Ernahrung  bei  sich 
einen  Chlorverlust  von  15  g  Kochsalz  feststellen  konnen.  Wird 
ein  Kochsalzvacuum  kiinstlich  geschafFen,  so  zeigt  der  Organismu^ 
das  Bestreben,  neu  zugefiihrtes  Kochsalz  solange  zuruckzuhalten, 
bis  das  vorhandene  Defizit  ausgeglichen  ist.  Wahrend  unter  nor- 
malen    Verhaltnissen    Kochsalzgleichgewicht    meistens    schon    nach 

1  bis  2  Tagen  zu  erzielen  ist,  dauert  es  bei  einer  starken  Verminde- 
rung  der  Zufuhr  oder  bei  einer  erheblichen  Steigerung  der  Einfuhr 
nach  vorausgegangener  Kochsalzunterernahrung  meist  eine  Reihe 
von  Tagen,  bis  sich  wieder  die  Werte  fiir  Ein-  und  Ausfuhr  voll- 
kommen  entsprechen.  Von  besonderem  Interesse  ist  dabei  die  nicht 
nur  bei  Kranken  sondern  auch  beim  Gesunden  zu  machende  Beob- 
achtung,  dass  mit  der  Kochsalzretention  meist  auch  eine  Wasser- 
zuriickhaltung  einhergeht,  und  dass  mit  der  Entsalznng  des  Orga- 
nismus  auch  eine  Entwlisserung  des  Organismus  erfolgt.  Die  ent- 
sprechenden  Werte  betragen  fiir  10  bis  15  gr  Kochsalz  etwa  H  bis 

2  kg  Wasser.  Dies  kommt  daher,  dass  die  llauptmasse  des  Koch- 
salzefl  in  Form  einer  "  Seroretention "  und  nur  ein  geringer  Teil 
in  Form  einer  "  Ilistoretention  "  zuriickgehalten   wird.  wii  ich  ^ei- 
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nerzeit  diese  Vorgiinge  genannt  habe.  Ueber  die  G  rosso  der  Hiato- 
retention,  die  von  franzosischen  Autoren  u trockene  Chlorretention  n 
genannt  wird,  mochte  ich  jedoch  zurzeit  ein  bestimmtes  Urteil  nicht 
abgeben,  da  der  Vorgang  als  soldier  bis  jetzt  nur  ailfi  StoU'wediselun- 
tersuchungen  erschlossen  ist.  Die  zurzeit  vorliegenden  Koch.-alz- 
bostimmungen  an  den  Organcn — wie  sie  von  Dunnstedt  und  Rumpf, 
Loeper,  H.  Strauss  und  Chajes  u.  a.  geliefert  worden  sind — sind 
nicht  sehr  geeignet,  fiir  eine  grosse  Bedeutung  der  Historetention 
zu  sprechen.  Freilich  fehlen  noch  Untersuchungen  der  llaut  bei 
Eetentionsprozessen,  die  inir  wichtig  erscheinen,  weil  Padtberg 
gezeigt  hat,  dass  schon  unter  normalen  Verhaltnissen  grossexe  Men- 
gen  von  Kochsalz  in  der  Haut  Unterkunft  finden.  Ich  habe  zurzeit 
Untersuchungen  nach  dieser  Richtung  hin  veranlasst. 

Wenn  der  Kochsalzgehalt  der  Nahrung  hochgradig  herabgesetzt 
ist,  so  macht  sich  dies  zuniichst  durch  eine  Herabsetzung  des  Koch- 
salzgehaltes  des  Urins  und  bei  hoheren  Graden  bezw.  bei  langerer 
Dauer  unter  Umstanden  auch  durch  eine  Verminderung  bezw.  ein 
Sistieren  der  Salzsiiuresekretion  des  Magens  bemerkbar.  Schon  For- 
ster,  dessen  umfassende  Versuche  iiber  die  Bedeutung  der  Salze  fiir 
die  Ernahrung  ja  bekannt  sind,  hat  auf  diese  Dinge  hingewiesen  und 
Cahn  hat  interessante  Versuche  mitgeteilt,  in  welchen  es  ihm  gelun- 
gen  ist,  bei  Hunden  die  Salzsiiuresekretion  durch  Fiitterung  mit 
chlorfreier  Nahrung  zum  Yersiegen  und  spater  wieder  durch  Zufuhr 
von  chlorhaltiger  Nahrung  zum  Erscheinen  zu  bringen.  In  Anleh- 
nung  an  diese  Experimentalbefunde  haben  Osier  u.  a.  den  Vorschlag 
gemacht,  bei  schweren  Fallen  von  sekretorischer  Insuftizienz  des 
Magens,  Kochsalz  reichlich  zuzufiihren,  und  bei  Fallen  von  Super- 
aciditiit  und  Supersekretion  den  Kochsalzgehalt  der  Nahrung  ein- 
zuschranken  (Romckes,Enriquez  und  Ambard,Ilichartz  u.a.).  Nach 
meinen  eigenen  Erfahrungen  ist  aber  mit  einem  solchen  Vorgehen  in 
der  Mehrzahl  der  Falle  nur  wenig  zu  erreichen.  Denn  es  ist  beim 
Menschen  der  Salzsauregehalt  und  die  Menge  des  Sekrets  meist  mehr 
von  Alterationen  der  Tatigkeit  der  sezernierenden  Zelle  als  von  dem 
Kochsalzgehalt  des  Organismus  abhiingig.  Wenigstens  ist  es  mir 
fast  nie  gelungen,  bei  Zustanden  von  Anaciditiit  durch  reichliche 
Kochsalzzufuhr  die  Sekretion  wieder  in  Gang  zu  bringen,  und  durch 
eine  Herabsetzung  der  Kochsalzzufuhr  einen  einwandfreien  Einfluss 
auf  Zustiinde  von  Supersekretion  zu  gewinnen.  Dagegen  habe  ich 
eine  Eeihe  von  Fallen  in  der  Erinnerung,  bei  welchen  lange  Zeit 
grossere  Mengen  von  stark  salzsaurehaltigem  Magensaft  erbrochen 
wurden,  trotzdem  der  Urin  schon  wochenlang  als  Zeichen  der  Chlor- 
verarmung  des  Organismus  nur  Spuren  von  Kochsalz  enthielt.  Eine 
sehr  weitgehende  Chlorverarmung  des  Organismus  scheint  ubrigens, 
wie  Wyss  betont,  auch  zu  allgemeinen  Storungen  fiihren  zu  konnen, 
und  ich  selbst  habe  einige  Male  im  Anschluss  an  maximale  Chlor- 
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verarmung  des  Organismus — es  handelte  sich  um  Falle  von  motor- 
lecher  Insuffizienz'  des  Magens  mit  abundantem  Erbrechen  von 
Magensaft.  Krankheitsbilder  beobachtet,  die  unter  dem  Bilde 
x-hwerster  Prostration  und  Spasmophilic  einhergingen  und  nach  sub- 
kutaner  oder  rektaler  Zufuhr  grosserer  Mengen  von  physiologischer 
Kochsalzlosnng  verschwanden.  Derartige  Beobachtungen  besitzen 
ein  gewisses  Interesse  im  Hinblick  auf  die  schweren  Gesund- 
heitsschadigungen,  iiber  welche  uns  die  Kinderarzte  nach  reich- 
licher — insbcsondere  subcutaner — Kochsalzzufuhr  berichten.  Ich 
habe  hier  vor  allem  das  "  Salzfieber  "  im  Auge,  fur  dessen  Entstehung 
allerdings  mehr  das  Na-Ion  als  das  Cl-Ion  in  Frage  zu  kommen 
scheint  (L.  F.  Meyer).  Unter  Beriicksichtigung  der  Untersuchun- 
gen  von  Jacques  Lob  verdient  es  besondere  Beachtung,  dass  das 
Salzfieber  oft  ausbleibt,  wenn  man  kleine  Mengen  von  K-Ionen  und 
Ca-Ionen  gleichzeitig  zufiihrt.  Freilich  ist  zu  beriicksichtigen,  dass 
der  kindliche  Organismus  auf  Veranderungen  der  Ernahrung  viel 
leichter  mit  Storungen  reagiert,  als  der  Korper  des  Erwachsenen. 

Wichtiger  als  die  Kochsalzverluste  sind  fiir  den  Erwachsenen — 
wenigstens  fur  gewisse  Falle — Kochsalzretentionen.  Es  ist  schon 
erwahnt  worden,  in  wie  hohem  Grade  die  Nieren  die  Kochsalzaus- 
scheidung  dem  jeweiligen  Kochsalzbestande  des  Organismus  an- 
passen.  Welche  besondere  Bedeutung  eine  Insuffizienz  der  Nieren 
fiir  die  Kochsalzausscheidung  gewinnen  kann,  haben  wir  erst  durch 
neuere  Forschungen  erfahren.  Es  ist  jetzt  fast  10  Jahre  her,  dass 
ich  auf  Grund  einer  langeren  Reihe  von  Untersuchungen  die  Autf as- 
king geaussert  habe,  dass  der  bei  parenchymatosen  Nephritikem 
auftretende  Hydrops — im  Gegensatz  zur  kardiogenen  Wassersucht — 
meist  durch  eine  primare  nephrogene  Kochsalzretention  zustande 
kommt.  Auf  Grund  dieser  Feststellung  habe  ich  damals  eine 
Einschrankung  der  Kochsalzzufuhr  fiir  die  Bekampfung  der  Hy- 
drops renalis  gefordert,  weil  ich  zu  der  Auffassung  gelangt  war, 
dass  das  retinierte  Kochsalz  zum  grossten  Teil  in  Form  einer  Serore- 
tcntion  im  Organismus  untergebracht  wird,  was  nur  durch  eine 
irleichzeitige  entsprechende  Zuinickhaltung  von  Wasser  moglich 
ist.  Ohne  das  komplizierte  Problem  der  Hydropsieentstehung  mit 
einer  solchen  Auffassung  als  gelost  ansehen  zu  wollen,  glaubte  ich 
doch  mit  der  Entziehung  des  Kochsalzes  ein  wichtiges  Glied  aus  der 
Kette  der  znr  Hydropsie  fiihrenden  Faktoren  ins  Auge  gefasst  zu 
haben,  dessen  Entfernung  aus  der  Reihe  der  anderen  Faktoren 
^reeignet  ist,  die  Kette  als  Ganzes  zu  sprengen.  Meine  damals  aufge- 
-tellten  therapeutischen  Forderungen  wurden  alsbald  durch  die 
-is  Frankreich  kommenden  Mitteilungen  verschiedener  Forscher,  so 
vor  allem  von  Widal  und  Javal,  gestiitzt.  welche  im  Verfolg  ihrer 
Untersuchuiiiren  auf  anderen  Wegen  zu  denselben  Forderungen  an 
die    Therapie    Avie    ich    gelangt    waren.     Die    Chlorentziehung    ist 
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allerdings  nicht  als  Heilmittel  gegen  Nierenkrankheiten,  Bondem  nur 
als  Entwasserungsmittel  bei  vorhandenen  oder  drohenden  Hy- 
dropsieen  der  parenchymatosen  Nephritis  empfohlen  worden,  was 
ich  gegenuber  einer  jetzt  nicht  ganz  selten  zu  beobachtenden,  un- 
exakten  Indikationsstellung  von  Chlorentziehungskuren  auch  hier 
scharf  betonen  mochte.  Auch  will  ich  hior  die  Bemerkung  nicht 
unterdrucken,  dass  ich  fiir  die  Behandlung  des  Hydrops  bei 
Herzkranken,  sowie  der  meist  auf  cardialer  Grundlage  entstandenen 
Hydropsieen  bei  den  Fallen  von  chronisch  interstitieller  Nephritis, 
eine  starkere  Einschrankung  des  Kochsalzes  nur  fiir  die  Stadien 
hochgradigster  Kompensationsstorung  empfohlen  habe,  sonst  aber 
nur  eine  massvolle  Einschrankung  der  Kochsalzzufuhr  das  Wort 
geredet  habe,  weil  nach  meinen  Erfahrungen  bei  mittleren  Fallen 
von  cardialer  Kompensationsstorung  die  Fahigkeit  der  Nieren  zur 
Kochsalzausscheidung  nur  wenig  gestort  ist.  Eine  Einschrankung 
des  Kochsalzes  in  der  Nahrung  diirfte  in  den  Fallen  der  genannten 
Art  vorzugsweise  durch  eine  Verminderung  des  Durstes.  sowie 
dadurch  wirken,  dass  die  Nieren  bei  intakter  Ausscheidungsfiihigkeit 
fiir  Kochsalz  nach  einer  Einschrankung  der  Kochsalzzufuhr.  noch 
eine  Zeitlang  mehr  Kochsalz  ausscheiden,  als  der  Aufnahme 
entspricht.  Hierdurch  kann,  wie  bereits  erwahnt  ist,  mit  dem 
Kochsalz  auch  gleichzeitig  Wasser  eliminiert  werden.  Mehr  kann 
ich  auch  nicht  beziiglich  der  entwassernden  Wirkung  einer  Chlor- 
entziehung  bei  serosen  Ergiissen  infolge  von  Lebercirrhose  oder 
infolge  von  entziindlichen  Prozessen  in  der  Bauch-  oder  Brusthohle 
zugeben.  Hieriiber  sind  ausserordentlich  verschiedenartig  lautende 
Mitteilungen  gemacht  worden.  Nach  meinen  eigenen  Erfahrungen 
ist  die  Wirkung  einer  Chlorentziehung  bei  den  vorliegenden  Krank- 
heitszustanden  jedenfalls  ausserordentlich  inkonstant.    - 

Auch  beziiglich  Beeinflussung  uramischer  Zustande,  die  von  einigen 
Seiten  gleichfalls  mit  Chlorretention  in  Zusammenhang  gebracht 
Averden  konnen,  kann  ich  einem  Optimismus  nicht  huldigen.  Ich 
kann  mich  sogar  des  Eindrucks  nicht  erwehren,  dass  der  anhy- 
dropische  Nephritiker  mehr  zur  Uramie  neigt,  wie  der  hydropische. 
Die  Wasserzuruckhaltung  scheint  hier  verdiinnend  auf  stickstoff- 
haltige  Retenta  zu  wirken,  deren  Vermehrung,  wie  ich  schon  vor 
einem  Jahrzehnt  in  einer  ausfiihrlichen  Monographic  gezeigt  habe, 
den  Boden  fiir  die  Uramie  vorzubereiten  vermag.  Es  ist  verlockend, 
diese  Frage  weiter  zu  verfolgen  und  fiir  die  Therapie  der  Uramie 
hieraus  die  entsprechenden  Consequenzen  zu  ziehen. 

Fiir  die  Therapie  des  Diabetes  insipidus  hat  dagegen  das  genauere 
Studium  des  Chlor-  und  Wasserstoffwechsels  wertvolle  Friichte 
gezeigt,  indem  die  Aufmerksamkeit  fiir  die  Behandlung  dieser 
Krankheit  nicht  bloss  auf  die  Wasserzufuhr,  sondern  gleichzeitig  auch 
auf  die  Koshsalzzufuhr  gerichtet  wurde.     Wenn  auch  nicht  fiir  alle 
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Falle  von  Diabetes  insipidus,  so  haben  wir  doch  fur  eine  nicht 
geringe  Zahl  von  Fallen  dieser  qualenden  Krankheit  in  der  Ein- 
schrankung  der  Kochsalzzufuhr  ein  wichtiges  Mittel  zur  Bekam- 
pfung  der  Polyurie  kennen  gelernt.  Auch  fur  zahlreiche  Falle  von 
reiner  Polydipsie  d.  h.  f iir  solche  Falle,  welche  die  Fahigkeit  besitzen 
einen  Urin  mit  einer  relativ  normalen  Hohe  der  prozentualen  Koch- 
salzkonzentration  auszuscheiden,  hat  sich  eine  Einschrankung  der 
Kochsalzzufuhr  durch  Verminderung  des  Durstes  als  therapeutisch 
wirksam  erwiesen. 

Von  einer  gewissen  Bedeutung  ist  die  Erf orschung  des  eigenartigen 
Verhaltens  des  Kochsalzes  im  Mineralstoffwechsel  noch  fur  eine 
bestimmte  Frage  der  Pharmacotherapie  geworden.  Es  haben  Tou- 
louse und  Richet,  Laudenheimer,  Bilint  u.  a.  gezeigt,  dass  der  Orga- 
nismus  Brom  viel  leichter  festhalt,  wenn  die  Nahrung  gleichzeitig 
chlorarm  gestaltet  wird,  und  Boniger  konnte  im  Tierexperiment  im 
Blutserum  einen  Teil  des  Kochsalzes  durch  Bromnatrium  ersetzen. 
Wyss  empfahl  die  Wechselbeziehungen  der  beiden  Substanzen  zur 
Behandlung  der  Bromvergiftung  in  Form  der  Darreichung  von 
grossen  Kochsalzdosen  dienstbar  zu  machen.  Auch  wies  Leva  neuer- 
dings  in  von  mir  veranlassten  Tierversuchen  nach,  dass  bei  nephro- 
gener  Hydropsie-Tendenz  Brom  weniger  leicht  Ergiisse  erzeugt,  als 
dies  beim  Chlor  der  Fall  ist,  sodass  es  bis  zu  einem  gewissen  Grade 
als  Wlirzsalz  benutzt  werden  kann.  Wenn  zwei  Salze,  dLe  sich 
chemisch  so  nahe  stehen.  wie  Chlornatrium  und  Bromnatrium,  sich 
so  verschieden  verhalten,  so  ist  es  nicht  wunderbar,  wenn  andere 
Salze  ihren  eigenen,  von  demjenigen  des  Kochsalzes  abweichenden 
Weg  gehen,  wie  ich  dies  u.  a.  bei  meinen  hier  schon  erwahnten  Unter- 
suchungen  iiber  den  Kochsalzstoffwechsel  bei  Nierenkranken  beziiglich 
der  phosphorsauren  und  schwefelsauren  Salze  feststellen  konnte. 

Nicht  so  ergebnisreich  wie  die  bisher  erorterten  Forschungen  sind 
dagegen  die  Studien  auf  einem  Gebiete  gewesen,  auf  welchem  Fragen 
des  Kochsalz  und  Wasserstoffwechsels  schon  seit  langem  mit  Eifer 
erforscht  worden  sind,  namlich  auf  dem  Gebiete  des  Fiebers.  Trotz 
zahlreicher  alter  Untersuchungen,  ich  nenne  nur  diejenigen  von  v. 
Leyden,  Redtenbacher  u.  a.  sowie  auch  zahlreicher  neuerer  Forschun- 
gen, so  z.  B.  von  Schwenkenbecher  u.  a.  sind  hier  die  einzelnen  Fragen 
noch  nicht  nach  jeder  Richtung  hin  vollig  geklart.  Wasser-  und 
Kochsalzretentionen  scheinen  hier  jedenfalls  nicht  konstant  zu  sein. 

Trotz  meiner  hier  in  zielbewusster  Absicht  gewahlten  Beschran- 
kung  auf  die  Erorterung  weniger  Fragen — ich  wollte  auf  die  Bedeu- 
tung des  Kochsalzes  und  des  Wassers  filr  den  Aufbau  und  das 
A\rachstuni  der  Gewebe,  fur  den  Ablauf  von  Fermentwirkungen  und 
f'iir  die  Vorgiinge  der  Entgiftung  im  menschlichen  Korper  nicht 
genauer    eingehen — diirfte    meine    skizzenhafte    und     wie    bereits 
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erwiint  ist,  in  erster  Linie  die  Pathologie  ins  Auge  fassende  Be- 
sprechung  doch  schon  einen  Begriff  von  der  grosses  Bedeutung  des 
Kochsalz-  und  Wasserstoffwechsels  fiir  die  Lebensvorgiinge  gegeb^n 
haben.  Die  Wichtigkeit  des  Wassers  fiir  die  hier  interessierenden 
Fragen,  hat  ihren  Ausdruck  schon  lange  in  dem  alten  Salze  gefun- 
den :  "  Corpora  non  agunt  nisi  fluida,"  und  es  ist  dieser  von  der 
Chemie  stammende  Satz  mit  Recht  audi  auf  den  menschlichen  Stoff- 
wechsel  iibertragen  worden,  da  der  Korper  des  Erwachsenen  nach 
Bischoff,  Volkmann,  C.  Voit  u.  a.  etwa  58  bis  55  Prozent  Wasser 
enthalt.  Der  kindliche  Korper  ist  bekanntlich  noch  wasserreicher 
als  derjenige  des  Erwachsenen.  Von  den  verschiedenen  Ernahrungs- 
arten  wissen  wir,  dass  kohlehydratreiche  Nahrung  in  besonderem 
Grade  zur  Wasserretention  disponiert,  was  nicht  bloss  durch  das 
Experiment  (Bisch,  Rubner  und  v.  Hosslin),  sondern  auch  durch  die 
Erfahrungen  der  Kinderarzte  (Weigert,  Steinitz  u.  a.)  festgestellt 
ist,  und  es  spielt  moglicherweise  dieses  Moment  auch  bei  dem  Ge- 
wichtsverlust  von  Fettleibigen,  wenn  diese  zu  einer  kohlehydratarmen 
Entfettungsdiat  iibergehen  und  bei  den  Haferodemen  von  vorher 
kohlehydratfrei  oder  kohlehydratarm  ernahrten  Diabetikern  neben 
anderen  Momenten  eine  mehr  oder  minder  bedeutsame  Rolle. 

Dass  eine  Erhohung  der  Fliissigkeitszufuhr  die  Ausschwemmung 
von  stickstoffhaltigen  Schlacken  steigert,  ist  auch  durch  experimen- 
telle  Untersuchungen  festgestellt.  Dass  sie  aber,  wie  man  friiher 
annahm,  zu  einer  Erhohung  des  Stickstoffwechsels  fiihrt,  hat 
sich  nicht  erweisen  lassen.  Heilner  fand  beim  hungernden  Tier 
allerdings  eine  Erhohung  der  Kohlensaureausscheidung  nach  Zufuhr 
grosserer  Fliissigkeitsmengen. 

Durch  Entziehung  von  Fliissigkeit  erfolgt  ein  Gewichtsverlust. 
So  hat  man  bei  Hunden  (Straub)  einen  Verlust  von  etwa  10  Prozent 
und  bei  Tauben  (Nothwang)  einen  Verlust  von  etwa  22  Prozent  des 
Korpergewichts  eintreten  sehen.  Es  erfolgt  dabei  eine  Eindickung 
des  Blutes,  die  10  bis  20  Prozent  betragen  kann.  Von  der  Fliis- 
sigkeitseinschrankung  hat  man  friiher  angenommen,  dass  sie  den 
Stoffwechsel  steigert  und  hat  sie  deshalb  fiir  Entfettungszwecke  em- 
pfohlen.  Es  hat  sich  aber  gezeigt  (Straub,  Dennig,  Czerny,  H.  Salo- 
mon u.  a.)  dass  sie  nur  den  Eiweisszerfall  steigert,  aber  nicht  die 
Fettverbrennung  erhoht.  Ein  Stickstoffverlust  scheint  iibrigens 
auch  im  Chlorhunger  nach  den  Untersuchungen  von  Belli  moglich 
zu  sein.  Eine  Flussigkeitsentziehung  findet  bald  ihre  Grenzen.  So 
trat  in  den  Versuchen  Nothwang's  welche  an  Tauben  angestellt 
waren,  der  Tod  nach  Einbusse  von  22  Prozent  des  Korpergewichts 
ein,  und  nach  einem  Verlust  von  10  Prozent  waren  schon  schwere 
Krankheitserscheinungen  vorhanden.  Durstende  Miiuse  starben 
zehnmal  schneller,  als  hungernde  (Landauer).  Auch  der  Mensch 
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erliegt  dem  Durst  rascher,  als  dem  Hunger,  und  es  haben  die  bekann- 
ten  Hungerkiinstler  (Breithaupt,  Succi,  und  Catti)  ihre  Eekords 
wohl  in  Bezug  auf  den  Hunger  nicht  aber  auf  das  Dursten  geleistet. 
Bei  einer  Betrachtung  der  Errungenschaften  der  neueren  For- 
schungen  auf  dem  Gebiete  des  Kochsalz-  und  Wasserstoffwechsels 
orgiebt  sich  die  vom  Standpunkt  der  praktischen  Ernahrungslehre 
erfreuliche  Tatsache,  dass  nicht  bloss  unser  Kennen,  sondern  auch 
unser  Konnen  in  den  letzten  Jahrzehnten  Fortschritte  gemacht  hat. 
Die  Fortschritte  unseres  Konnens  sind  dabei  mehr  der  Kranken- 
ernahrung  als  der  Ernahrung  der  Gesunden  zugute  gekommen. 
Fur  die  Ernahrung  von  Kranken  hat  sich  die  arztliche  Regelung 
der  Kochsalz-  und  Wasserzufuhr  fur  eine  ganze  Reihe  von  Fallen 
als  ebenso  wichtig  erwiesen,  wie  es  die  Diatverordnungen  unter  calo- 
rischen  Gesichtspunkten  sind.  Die  Forschungen  eines  Liebig,  Ben- 
necke,  Moleschott,  Voit,  Rubner^  Forster.  Hamburger  u.  a.  und 
hier  in  Amerika  von  Jacques  Lob,  Chittenden  u.  a.  haben  aber  auch 
fiir  den  Gesunden  gezeigt,  wie  gross  die  Bedeutung  einer  ausrei- 
chenden  Zufuhr  von  Salzen  fiir  den  normalen  Ablauf  der  Lebensvor- 
gange  ist.  Soweit  das  Kochsalz  in  Frage  kommt,  so  liegt  allerdings 
seltener  Grund  zu  einer  Vermehrung  als  zu  einer  Verminderung  der 
Kochsalzzufuhr  vor  und  es  ist  die  Berechtigung  des  Bunge'schen 
Satzes,  dass  die  meisten  Menschen  zu  viel  Salz  zu  sich  nehmen  zum 
Mindesten  unter  dem  Gesichtspunkte  zu  erkennen,  das  der  durch 
reichliche  Salzzufuhr  gesteigerte  Durst  zahlreiche  Menschen  zu  einer 
Wahl  von  Getranken  verleitet,  die  ihrer  Gesundheit  nicht  immer 
forderlich  sind.  In  diesem  speziellen  Punkte  stimmen  wir  auch 
rnit  den  Forderungen  mancher  moderner  Ernahrungsreformer  iiber- 
ein,  welche  fiir  die  Gesunden  ganz  allgemein  eine  starke  Reduk- 
tion  des  Salzes  in  der  Nahrung  verlangen,  wahrend  wir  nicht  zu- 
geben  konnen,  dass  eine  solche  Forderung  sonst  nach  alien  Rich- 
tungen  hin  wissenschaftlich  ausreichend  begriindet  ist.  Freilich  ist 
gar  mancher  Punkt  auch  auf  dem  Gebiete  der  Kochsalzfrage  noch 
dunkel.  Immerhin  ist  aber  doch  unter  den  Salzfragen  das  Verhalten 
des  Kochsalzstoffwechsels  besonders  gut  studiert,  so  dass  wir  nur 
wiinschen  konnen,  dass  die  kiinftige  Forschung  auch  fiir  die  Ver- 
wendung  anderer  Salze  ahnlich  scharfe  Gesichtspunkte  schaffen 
moge,  wie  wir  sie  fur  die  Zumessung  des  Kochsalzes  bereits  kennen 
gelernt  haben.  Haben  wir  auch  alien  Grund,  das  was  wir  schon 
heute  iiber  die  Bedeutung  anderer  Salze  fiir  den  Stoffwechsel  wissen, 
hoch  auzuerkennen,  so  liegt  gerade  auf  diesem  Gebiete  des  StoA°- 
wechsels  noch  ein  grosses  Feld  brach,  dessen  Bebauung  nicht  bloss 
fur  die  Ernahrung  des  Gesunden,  sondern  vor  allem  auch  fiir  die 
ErnalinmL'-  von  Kranken  wertvolle  Friichte  zu  bringen  verheisst. 
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DIET  AS  A  WEIGHTY  FACTOR  OF  CAUSAL  THERAPEUTICS  IN 
SEVERE  DISEASES  OF  THE  STOMACH  AND  INTESTINES,  IN  TROU- 
BLES OF  METABOLISM,  KIDNEY  TROUBLES,  DISORDERS  OF  THE 
CIRCULATION,  IN  PULMONARY  DISEASES,  AND  IN  NERVOUS 
AND    MENTAL    DISEASES. 

By  Dr.  W.  Plonies,  Hanover,  Germany. 

The  great  importance  of  diet  in  connection  with  the  manifold 
ailments  of  the  body  is  due  to  the  fact  that,  given  a  correctly  regu- 
lated diet,  the  latter  in  itself  is  able  to  correct,  in  a  certain  and  last- 
ing fashion,  the  disorders  of  the  gastro-intestinal  chemical  processes, 
the  processes  of  fermentation  and  decomposition  of  the  food.  Seeing 
that  the  toxins  and  decomposition  products  of  these  processes,  be- 
ing absorbed  by  the  blood,  are  carried  to  every  organ  of  the  body, 
they  must  of  necessity  tend  to  produce  changes  in  these  organs  in 
a  pathological-chemical  sense,  and  at  the  least  through  chemical 
action  exert  a  more  or  less  disturbing  influence  on  the  functions  of 
the  organs,  especially  if  the  latter  are  lacking  in  resistance  power 
owing  to  hereditary  or  other  influence,  even  if  they  do  not  give  rise 
to  pathological-anatomical  changes  in  the  organs.  Again,  in  dis- 
orders of  the  stomach  a  further  factor  may  lead  to  more  or  less 
pronounced  disturbances  in  different  organs,  inasmuch  as  lesions 
of  the  mucous  membrane,  particularly  the  mucous  membrane  of  the 
stomach,  which  are  very  frequently  present  at  the  same  time,  often 
enough  latent,  may  induce  irritation  along  the  ramifications  of  the 
N.  vagus  and  N.  sympathicus.  This  may  occur  as  the  result  of 
partaking  of  improper  foods  or  beverages,  or  may  result  from  other 
causes,  which  have  been  fully  dealt  with  in  another  work.1  Inas- 
much as  in  such  complications  a  correct  diet  lessens  the  irritation 
caused  by  the  stomach  lesions,  and,  in  conjunction  with  the  absolutely 
indispensable  bodily  and  mental  rest,  it  may  result  in  a  healing  of 
the  lesions  themselves,  a  dietary  treatment  is  of  itself  able  to  bring 
about  an  immediate  and  lasting  dispersion  of  the  extremely  numer- 
ous irritation  symptoms  which  are  observed  in  the  brain,  and  also  in 
the  mind,  in  the  cranial  nerves,  the  organs  of  sense,  the  throat,  the 
heart,  the  lungs,  the  back,  and  even  the  extremities.  These  are  cases 
in  which,  up  to  the  present,  medicines  could  have,  at  the  most,  only 
a  transitory  effect,  or  fail  altogether,  for  here  medicines  alone  could 
not  possibly  benefit,  owing  to  the  continued  existence  of  the  pre- 
disposing cause,  and  to  the  impossibility  of  removing  the  latter 
by  medicines  alone.  These  are  disorders,  which,  having  been  re- 
garded as  of  nervous  origin,  have  hitherto  occupied  the  attention 
of  specialists  for  nerve  diseases,  and  which  even  to  a  certain  extent 
assert  their  place  in  the  text-books  as  independent  diseases,  although 
they  are  in  fact  nothing  more  than  symptoms  of  a  disease.  For 
dietary  treatment  there  will  thus  come  in  question  such  disorders  of 
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the  body  as  are  brought  about  by  chemical  toxic  influences,  or  by 
irritations  propagated  along  the  nerve  tracks.  For  the  ordering 
of  the  diet  with  regard  to  the  processes  of  fermentation  and  decom- 
position, we  must  ask  ourselves  which  sections  of  the  digestive  tract 
are  to  be  taken  into  chief  consideration.  It  has  been  shown  else- 
where 2  that  only  the  stomach  and  small  intestine  need  to  be  con- 
sidered, as  the  processes  of  decomposition  in  the  large  intestine,  in 
which  the  colon  bacteria  play  a  part,  are,  as  is  well  known,,  of  a 
physiological  nature,  their  principal  function  being  probably  to  ren- 
der accessible  to  the  process  of  resorption  the  nutritive  salts  included 
in  the  cellulose.  In  this  connection  my  own  views  diverge  decidedly 
from  those  of  Metschnikow,  who  regards  the  decomposition  of  the 
contents  of  the  large  intestine  as  giving  rise  to  toxical  action.  His 
therapeutic  efforts  to  combat  decomposition  in  the  large  intestine  by 
introducing  other  bacteria,  belong  to  the  category  of  endeavors  which 
seek  to  change  the  laws  of  nature,  and  to  improve  upon  the  entirely 
wise  rules  which  she  has  laid  down.  To  be  logical,  and  to  conform  to 
natural  laws,  the  diet,  in  order  to  prevent  fermentation  and  decom- 
position in  the  stomach  and  small  intestine,  must,  for  the  reasons 
stated,  be  so  arranged  that  what  is  eaten  or  drunk  can  not  possibly 
ferment  or  decompose  in  those  organs;  furthermore,  such  food  must 
be  so  finely  divided,  or  allow  of  such  fine  division  by  the  act  of 
mastication,  and  at  the  same  time  be  so  rightly  warmed,  that,  when 
stomach  lesions  are  present,  irritations  of  the  latter,  in  the  so  fre- 
quent complications  with  ulcers  of  the  large  intestine  and  with  ap- 
pendix trouble,  may  be  avoided.  When  compiling  the  diet  in  con- 
nection with  the  treatment  of  gastrointestinal  disorders,  particu- 
larly of  stomach  lesions,  there  has  hitherto  been  too  little  attention, 
or  none  at  all,  paid  to  the  exceedingly  significant  pathological-chem- 
ical derangements  of  the  stomach.  There  has  been  at  the  most  a 
careful  observation  of  the  variations,  often  so  capricious,  in  the 
hydrochloric-acid  contents  of  the  gastric  juice,  which,  however,  as 
has  been  shown  elsewhere,3  are  entirely  valueless,  both  in  their  bear- 
ing on  the  nature  of  the  diet* and  on  the  treatment  itself,  whilst  for 
purposes  of  diagnosis  the  indications  thus  yielded  can  be  utilised 
only  with  the  utmost  precaution,  and  stand  in  striking  dispropor- 
tion to  the  amount  of  incommodation,  to  which  the  patient  is  sub- 
jected in  determining  them,  and  to  the  risks  of  injury  to  the  mucous 
membrane,  of  hemorrhage,  etc.,  which  are  involved.  It  is  to  the 
circumstance,  that  the  processes  of  fermentation  and  decomposition 
in  the  stomach  have  hitherto  not  received  proper  consideration,  and 
to  this  alone,  that  I  ascribe  the  fact  that,  in  consequence  of  the  faulty 
direction  of  our  therapeutical  as  also  diagnostical  efforts,  the  ex- 
traordinarily severe  and  varied  afterconditions  of  these  patholo- 
gical-chemical  gastrointestinal   disorders   were  not  hitherto   recog- 
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nized  in  their  primary  connection,  but  were  invariably  regarded 
either  as  independent,  accidental  complications,  or  were,  particu- 
larly in  the  case  of  latent  diseases  of  the  stomach,  looked  upon  as 
the  principal  or  sole  disease,  the  disease  of  the  stomach  being  en- 
tirely overlooked.  In  the  failure  to  recognize  the  causal  connection 
one  has  even  gone  so  far  as  to  regard  the  gastrointestinal  symptoms, 
which  present  themselves,  as  the  effect  of  an  aftercondition,  nervous- 
ness, which  is  almost  always  present,  being,  as  it  is,  the  earliest  and 
most  readily  occurring  feature;  this  in  its  turn  has  led  to  the  sup- 
position of  a  nervous  dyspepsia,  which,  however,  I  have  never  met 
with,  and  the  existence  of  which  I  must  dispute,  as  did  my  one- 
time chief,  Kussmaul.  For  if  both  the  pathological-chemical  dis- 
turbances of  the  stomach,  and  also  its  lesions,  are  fully  taken  into 
account  in  arranging  the  diet,  one  sees  clearly,  in  every  single  case 
of  illness,  where  the  regulations  as  to  diet  and  rest  are  scrupulously 
observed,  how  all  the  complications  and  symptoms  in  other  organs 
arising  from  these  disturbances,  and  finally  the  nervousness  itself, 
spontaneously  and  without  the  administration  of  medicines,  gradu- 
ally disappear.  One  can  observe  how  vast  and  absolutely  reliable 
is  the  influence  of  correct  diet  in  removing  disorders,  often  so  grave 
as  to  endanger  life,  so  long  as  there  are  no  pronounced  pathological- 
anatomical  changes  in  the  organs  themselves.  Against  these  changes 
in  other  organs  diet  is,  of  course,  powerless.  Here  perhaps  medi- 
cines, so  far  as  is  possible  for  them,  or  surgical  interference,  if  this 
is  indicated  at  all,  may  influence  therapeutics. 

Among  the  articles  of  food  which  ferment  and  decompose,  and 
thus  not  only  hinder  the  removal  of  fermentations  and  decomposi- 
tions, but  also  maintain  these  processes  in  the  stomach  and  small 
intestine,  mention  is  to  be  made  in  the  first  place  of  sugar — saccharose 
as  well  as  levulose  and  lactose,  although  the  latter  is  least  injurious 
in  the  effects  of  its  fermentation.  From  this  it  follows  that  all 
articles  of  food  and  table  luxuries  and  also  all  tonics  which  contain 
these  forms  of  sugar  are  excluded  from  this  diet.  Particularly  in 
the  case  of  tonics  I  have  so  often  noticed  to  my  great  regret  that 
tonics,  excellent  as  regards  their  other  constituents,  are  rendered, 
through  the  sugar  which  is  added  to  improve  the  flavor  or  on  account 
of  its  being  readily  assimilable,  entirely  unsuited  for  use  in  all  debili- 
ties and  disorders  of  the  body  or  nervous  system  arising  from  gastro- 
intestinal complaints.  The  attention  of  manufacturers  and  inventors 
of  such  tonics  is  to  be  particularly  directed  to  this  faulty  state  of 
affairs.  For  this  reason  also  fruit  is  rigidly  excluded,  although 
recommended  as  so  beneficial,  as  well  for  stomach  complaints  and 
the  severe  intestinal  disturbances  and  diseases  which,  as  shown  else- 
where,4 almost  always  accompany  these  complaints,  as  also  for  the 
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disorders  of  metabolism  arising  from  stomach  or  intestinal  ailments. 
The  fruit  recommended  for  constipation,  and  in  a  more  marked 
degree  the  vegetarian  diet  recommended  by  quacks  and  followers  of 
the  so-called  "  natural "  methods  of  cure,  not  only  aggravate  the 
primary  stomach  complaint,  but  have  also  a  gravely  prejudicial 
effect  on  the  lesions  of  the  large  intestine  usually  present  at  the  same 
time.  Multiplying  the  fermentations  and  decompositions,  they  in- 
tensify the  atony  of  the  intestine,  which  is  brought  about  by  the  toxins 
of  these  processes,  and  have  frequently  enough  a  pernicious  influence 
on  a  latent  appendicitis  contemporaneously  present,  on  lesions  of 
the  large  intestine,  but  above  all  on  the  gravely  disordered  functions 
of  the  small  intestine.  From  observations  extending  over  nearly  30 
years,  I  am  convinced  that  in  connection  with  diet  no  such  rank 
offences  are  committed  as  in  the  dietary  treatment  of  intestinal  dis- 
orders, directly  the  primary  chemical  disorders  of  the  stomach  are 
overlooked,  and  so  find  no  consideration  in  the  scheme  of  diet  The 
significance  of  this  faulty  vegetarian  diet  for  the  causal  treatment 
of  the  functional  disorders  of  the  small  intestine  and  of  the  patho- 
logical-anatomical changes  in  the  large  intestine,  is  seen  in  the  fact 
that,  in  my  personal  experience,  since  I  have  carefully  followed  the 
causal  connection  of  injuries  of  the  functions  of  the  small  intestine, 
of  ulcerous  disorders  of  the  large  intestine,  and  of  appendicitis  with 
stomach  complaints,  I  have  never  observed  a  single  case  of  small- 
intestine  disorders,  of  appendicitis,  and  of  ulcerous  disorders  of  the 
large  intestine  only  two  cases,  in  which  a  primary  stomach  ailment 
was  not  demonstrable.  I  can  therefore  only  warn  most  emphati- 
cally against  such  vegetarian  "  cures,"  on"  account  of  their  association 
with  such  grave  danger  for  the  primary  disease,  for  the  secondary 
intestinal  injuries  and  ailments,  and  indeed  for  the  entire  body, 
apart  from  the  fact  that  such  dietary  treatment,  for  which  our  intes- 
tinal canal  is  entirely  unadapted,  offends  against  the  laws  of  nature, 
against  the  structure  of  the  intestinal  tract.  But  nothing  avenges 
itself  quicker  and  more  certainly  than  do  offences  against  nature's 
laws! 

As  a  further  important  requisite  in  the  diet  to  be  compiled  for 
gastrointestinal  ailments  and  their  after-conditions  comes  the  total 
exclusion  of  fat  and  butter,  and  therefore  of  all  articles  of  food  of 
which  butter  and  fat  form  a  part.  This  necessity,  too,  has  hitherto 
not  been  taken  into  consideration.  I  need  here  only  allude  to  the 
milk  so  frequently  lauded  as  dietary  remedy  in  stomach  complaints. 
In  general,  as  is  well  known,  fats  are  the  more  difficult  of  digestion, 
and  the  stomach,  disturbed  in  its  chemism,  shows  itself  the  more  out- 
raged, the  higher  the  melting  point  of  the  fat  lies.  Of  fats,  the  most 
easily  digested  is  butter,  and  the  latter  is  therefore  tolerated  by  the 
stomach,  in  the  convalescent  stage,  before  all  other  fats.    As  butter 
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must  often  be  used  in  the  cooking  of  meat,  the  hitter  when  ready 
should  be  freed  from  the  butter  by  rinsing  in  hot  salt  water.  As 
milk  and  the  yolk  of  eggs  both  contain  fats,  their  exclusion  in  all 
cases  of  fermentation  and  decomposition  in  the  Intestinal  tract  is 
imperative.  In  the  case  of  milk  there  comes  in  question,  as  a  further 
injurious  constituent,  milk  sugar.  Even  the  nutritive  salts  of  milk 
may  operate  in  a  manner  favorable  to  the  conditions  of  the  life  of 
the  bacteria.  For  these  reasons  milk,  which  is  so  largely  praised  as 
a  remedial  article  of  food,  can  henceforth  have  no  place  in  our 
dietary  scheme,  apart  from  the  fact  that  milk,  when  taken  in  an  un- 
combined  condition,  that  is  to  say,  not  cooked  together  with  flour, 
rice,  groats,  cocoa,  etc.,  clots  in  the  stomach  to  form  lumps  of  curd, 
which,  in  the  presence  of  gastric  lesions,  positively  irritate  the  latter, 
or  at  the  least  decidedly  hinder  their  healing.  This  is  manifested 
clearly  enough  by  the  feeling  of  oppression  and  fullness  in  the  stomach 
and,  in  the  case  of  advanced  lesions,  by  the  gastralgia  which  set  in, 
a  fact  which  has  hitherto  been  overlooked  by  almost  all  specialists 
for  gastric  diseases.  Yolk  of  egg  is  also  to  be  forbidden  in  contem- 
poraneous disorders  of  the  large  intestine  and  appendix,  but  above 
all  and  always  in  diarrhea,  throughout  its  whole  duration.  The 
fat  of  meat  broth  is  best  removed  by  means  of  a  funnel;  owing  to 
the  readiness  with  which  decomposition  takes  place,  or  in  other 
words,  bacteria  develop,  it  is  not  advisable  to  allow  the  broth  to  cool 
in  order  that  the  fat  may  be  skimmed  off.  As  the  decomposition 
products  of  fats  and  butter  have  an  astoundingly  more  toxical  action, 
as  the  results  of  investigations  show,  than  the  fermentation  products 
of  the  various  sorts  of  sugar,  the  most  rigid  exclusion  of  these  is 
called  for. 

At  the  same  time  a  diet,  or  article  of  food,  absolutely  free  from  fat 
in  a  chemical  sense  is  not  essential  to  the  carrying  out  of  such  a 
dietetic  treatment,  no  further  stipulation  being  necessary  than  that 
fats  and  butter  shall  be  kept  down  to  the  lowest  culinary  minimum 
possible.  In  the  preparation  of  the  food,  all  seasoning  is  to  be 
avoided;  salt  alone  is  permissible,  and  even  this  must  not  be  present  in 
excess,  out  of  considerations  of  thirst  and  to  prevent  irritation  of  the 
mucous  membrane.  Particularly  when  inflammation  or  irritation  of 
the  kidneys  is  present,  the  use  of  salt  should,  as  is  well  known,  be  re- 
stricted as  far  as  possible.  As  starch,  white  of  egg,  and  lean  meat 
do  not  tend  to  produce  fermentation  and  decomposition  in  the  in- 
testinal tract,  these  substances  in  their  different  forms  must  serve  for 
the  nourishment  of  such  invalids.  Starch  will  be  given  best  in  the 
form  of  slices  of  dry  toast  or  rolls  three  days  old,  both  of  which  forms 
of  bread  are  very  readily  broken  up  by  the  act  of  mastication,  or 
in  the  form  of  roasted  wheaten  flour,  and  in  various  other  forms,  such 
as  Knorr's  barley  meal  and  oatmeal,  Hohenlohe's  rolled  oats  passed 
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through  a  hair  sieve,  potato-sago,  groats,  rice  soaked  for  twelve 
hours,  flaked  rice,  barley  passed  through  the  hair  sieve,  all  of  which 
will  be  given  in  the  form  of  soups  or  porridge  made  with  water,  to 
which  a  little  salt  has  been  added.  Where  disorder  of  the  large  in- 
testine is  a  complication,  oaten  preparations  are  to  be  avoided,  on 
account  of  their  tendency  to  give  rise  to  flatulence.  In  the  place  of 
vegetables  are  to  be  recommended  the  flour  of  rice,  thick  groats, 
flaked  rice,  flaked  barley,  vermicelli  and  mashed  potato.  It  is  of  the 
utmost  importance  to  render  these  soups  and  dishes  more  pala- 
table, and  above  all  more  nourishing,  by  cooking  them  together  with 
casein,  with  white  of  hen's  egg,  Leube-Rosenthal's  meat  solution,  or 
Liebig's  meat  peptone.  The  last  two  preparations,  however,  as  also 
meat  gravies,  stimulate  the  more  copious  secretion  of  the  gastric 
juice;  when,  therefore,  a  condition  of  pronounced  irritation  of  a  gas- 
tric lesion  is  present,  they  are  to  be  excluded  from  the  diet  until  the 
irritation  symptoms  of  the  gastric  lesion  have  subsided,  and  the  latter 
has  commenced  to  heal.  As  an  absolute  necessity  is  to  be  regarded 
the  addition  of  the  aforementioned  albumen  preparations,  whenever 
certain  indications,  such  as  hemorrhages,  prohibit  other  forms  of 
nourishment,  or  when  the  presence  of  kidney  inflammation  or  gout 
forbids  the  taking  of  red  meats.  Furthermore,  in  the  absence  of 
gastric  lesions,  macaroni  and  coarse  vermicelli,  taken  as  vegetables, 
may  have  a  place  in  the  diet. 

Other  kinds  of  bread,  and  particularly  the  Graham  bread  recom- 
mended for  constipation,  are  to  be  strictly  forbidden,  on  account  of 
their  being  too  difficult  of  digestion.  Among  meats  are  to  be  recom- 
mended, when  lesions  are  present,  as  soon  as  any  more  pronounced 
local  irritation  symptoms  have  subsided,  calf's  sweetbread,  calf's 
brains,  pigeon,  partridge,  other  young  wild  fowl,  and  chicken,  all 
roasted,  freed  from  fat  in  the  manner  described,  and  with  the  skin 
removed,  and,  furthermore,  raw  ham  scraped  with  an  iron  spoon  and 
carefully  freed  from  fat,  fiber,  and  sinew.  Where  stomach  lesions 
are  on  the  point  of  healing,  scraped  raw  loin  of  beef,  in  the  form 
of  underdone  beefsteak,  may  be  permitted,  and  where  stomach  le- 
sions are  entirely  absent,  any  tender  roast  meat,  veal  excepted,  freed 
from  fat  and  without  the  gravy,  is  to  be  allowed.  All  these  meats, 
under  like  conditions,  may  also  be  eaten  cold.  As  soon  as  the  fer- 
mentation and  decomposition  processes  in  the  stomach  have  been  re- 
moved, for  the  determination  of  which  the  size  of  the  heart  is  the 
surest  guide  (as  then  in  adults  the  R.  D.=0,  the  L.  D.=7— 8  centi- 
meters) ,  the  diet  may  be  broadened  in  respect  to  fats,  but  only  after  a 
week  to  a  fortnight  in  cases  where  the  fermentation  and  decomposition 
processes  have  not  been  of  very  long  duration,  and  after  three  to  five 
weeks  when  these  processes  have  persisted  some  considerable  time. 
The  first  step  in  this  direction  will  be  the  addition  of  fresh  butter 
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to  the  diet.  Only  when  this  can  be  safely  taken,  the  surest  guide 
to  which  is  afforded  by  the  cardiac  measurements  remaining  constant, 
as  indicated  above,  may  yolk  of  egg  be  given,  also  eggs  boiled  for  1J 
minutes,  always  assuming  the  absence  of  complications  of  the  large 
intestine;  then,  and  not  till  then,  is  milk  permissible,  but,  for  the 
reasons  already  given,  only  in  combination  with  other  forms  of  food. 
As  I  have  described  the  diet  in  fuller  detail  elsewhere,5  this  short 
account  will  here  suffice. 

What  absolutely  reliable  indications  have  we  at  all  that  the  proc- 
esses of  fermentation  and  decomposition  in  the  stomach  and  small 
intestine  have  subsided,  and,  what  is  at  least  of  equal  importance, 
what  signs  are  there  of  the  recurrence  of  these  processes  after  the 
widening  of  the  diet — indications  which  are  absolutely  indispensable 
for  the  carrying  out  of  a  treatment  which  is  to  proceed  along  sure 
lines?  Subjective  troubles  are  an  entirely  unreliable  guide;  they 
come  generally  too  late,  or  may  be  absent  altogether,  even  though 
the  processes  of  fermentation  and  decomposition  are  at  work  in  the 
stomach  and  small  intestine.  Of  these  may  be  mentioned  loss  of  ap- 
petite, foul -smelling  breath,  eructations,  heartburn,  etc.  The  indica- 
tions, which  I  have  found  after  investigations  extending  over  more 
than  20  years  to  be  the  best  and  most  reliable,  are  such  as  invariably 
occur  side  by  side,  are  invariably  present,  and  which  can  always  be 
determined  earlier  than  all  others.  These  are  the  more  reliable,  that 
they  render  us — and  herein  consists  their  chief  value — altogether  in- 
dependent of  the  statements  and  subjective  condition  of  the  patient. 
They  invariably  allow  conclusions  as  to  the  presence  and  the  disap- 
pearance of  fermentations  and  decompositions  in  the  stomach  and 
small  intestine,  because  their  evidence,  as  an  after-condition  based 
upon  natural  laws,  stands  and  falls  with  the  presence  of  these  proc- 
esses. These  indications  are  the  stomach  height,  i.  e.,  the  distance 
of  the  large  curve  of  the  stomach  from  the  lower  edge  of  the  sternum 
in  the  middle  line;  secondly,  the  width  of  the  colon  (preferably  colon 
transversum)  ;  thirdly,  and  of  chief  importance,  the  width  of  the 
heart  at  its  base,  to  which  a  brief  allusion  has  already  been  made. 
The  heart  width  and  stomach  height  are,  except  in  stenosis  pyloris, 
enteroptosis,  in  the  presence  of  valvular  defects  of  the  heart  not  com- 
pensated by  changes  in  the  cardiac  muscle,  and  in  approaching 
cardiac  paralysis,  invariably  the  same,  directly  they  exceed  the  nor- 
mal dimensions — that  is  to  say,  become  pathologic — and  the  colon 
width  marches  parallel  with  them  in  strict  arithmetical  ratio,  except 
that  in  diseases  of  the  large  intestine  the  width  of  the  colon  may 
swerve  from  the  proportion  to  the  extent  of  an  increase  of  1  centi- 
meter, when  stomach  and  heart,  as  result  of  a  correct  diet,  have  again 
become  normal,  or  disease  of  the  large  intestine  pro  se  (independ- 
ently) exists. 
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The  normal  stomach  height  in  adults  is  8  centimeters;  when  the 
stomach  is  entirely  empty  it  may  be  1  to  1J  centimeters  less.  For 
the  heart  the  normal  dimension  is  8  centimeters  or  less,  as  is  the 
case  with  persons  of  small  build,  particularly  in  the  convalescent 
stage,  when  the  measurements  may  be  7,  or  even  6J  to  6  centimeters 
in  the  lying  position  and  in  the  standing  position  the  measurement 
may  be  7  or  8  centimeters.  The  right  diameter  must  always,  even 
when  cardiac  defects  are  present,  be  reduced  to  0.  In  the  latter 
complication  the  left  diameter  may  then  be  as  much  as  2  centi- 
meters larger,  where  there  are  old  defects  of  the  aortic  valve  even 
5  centimeters  larger,  without  there  being  need  to  assume  the  pres- 
ence of  gastic  fermentations  and  decompositions,  with  respect  to 
which  the  stomach  height  and  the  width  of  the  colon  must  then 
decide.  For  the  colon  transversum  the  normal  measurement  is  3J 
centimeters  in  the  case  of  men;  in  small-built  women  3 J  or  even 
3  centimeters.  The  parallelism  of  these  dimensions,  as  soon  as  they 
have  become  pathologic,  is  so  constant  that,  given  the  heart  width, 
one  can  conclude  with  absolute  certainty  as  to  the  stomach  height 
and  width  of  colon  and  vice  versa,  e.  g.,  the  colon  width  pointing 
to  the  width  of  the  heart.  The  truth  of  the  former  statement  I  have 
had  the  pleasure  of  demonstrating  to  many  of  my  colleagues,  and  of 
the  latter,  in  the  case  of  a  patient  who  was  an  entire  stranger  to 
myself,  to  Dr.  Romer,  of  Illenau.  If  during  the  treatment  of  a  case 
the  pathological  measurements  of  the  heart,  stomach,  and  colon  do 
not  recede,  we  have  at  once  an  absolutely  certain  indication  that  in 
the  ordering  of  the  diet  mistakes  have  been  made  in  respect  to  the 
withholding  of  fats  or  sugars,  or  else  warmed-up  food  has  been  given, 
which  also  tends  to  keep  up  or  aggravate  fermentation  and  decom- 
position in  the  gastro-intestinal  canal.  Should  the  addition  to  the 
diet  of  butter,  egg,  and  milk  (the  latter  being  preferably  given  first 
diluted  to  ascertain  to  what  extent  it  is  tolerated),  after  the  sub- 
sidence of  the  fermentation  and  decomposition  processes,  result  in 
pathological  measurements  of  heart,  stomach,  and  large  intestine 
being  obtained,  we  know  at  once  that  fermentation  and  decomposi- 
tion in  the  stomach  have  again  to  be  reckoned  with,  and  that  butter, 
yolk  of  egg,  and  milk  must  be  struck  out  of  the  diet  if  we  are  not  to 
endanger  the  certain  success  of  our  treatment.  The  decompositions, 
which  are  confined  to  the  large  intestine,  have  not  this  effect  on  the 
heart  and  stomach,  but,  at  the  most,  only  on  the  colon  itself.  The 
cause  of  these  changes  in  the  organs  mentioned  is  to  be  found  in  the 
paralyzing  influence  of  the  toxins  produced  by  the  pathologically 
changed  digestive  processes  in  the  stomach  and  small  intestines. 

It  is  to  this  guiding  fact  alone  that  I  owe  my  certain  conclusions, 
on  which  are  built  up  the  results  of  my  investigations  in  the  central 
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nervous  system,  particularly  in  the  field  of  mental  diseases  and  the 
disorders  of  the  cerebral  functions,  but  also  in  the  disorders  of 
metabolism,  and  in  diabetes  mellitus,  conclusions  which,  however,  in 
themselves  enabled  me  to  overthrow  the  so  perverse  views  concern- 
ing diet  and  several  dietetic  articles  of  food,  such  as  milk  and  fruit, 
which  have  obtained  up  to  this  day,  and  to  build  up  a  diet  which  will 
always  hold  good  so  long  as  the  laws  of  nature  remain,  on  which 
alone  that  diet  is  based.  The  cognizance  of  these  indicators  of  fer- 
mentation and  decomposition  relieves  us  from  the  necessity  of  a 
chemical  examination  of  the  contents  of  the  stomach,  as  the  de- 
termination of  the  hydrochloric  acid  content  for  its  bearing  on  the 
nature  of  the  diet  is,  as  already  mentioned,  entirely  unnecessary.  On 
the  other  hand,  to  touch  here  on  this  point  also,  I  regard  the  examina- 
tion of  the  feces  as  indispensable,  for  this  yields  us  most  valuable 
indications  concerning  the  functions  of  stomach,  small  and  large 
intestine,  but  above  all,  concerning  the  extent  of  the  injuries  of  these 
functions  caused  by  the  processes  of  fermentation  and  decomposi- 
tion in  the  stomach  and  small  intestine,  yielding  us  a  complete  picture 
of  the  disease  in  its  entirety  such  as  the  minutest  examination  of  the 
gastrointestinal  canal  by  the  methods  of  percussion  and  palpation 
can  not  possibly  afford.  The  extent  of  these  injuries  gives  us  interest  - 
ing  information  concerning  the  duration  and  the  intensity  of  the 
fermentation  processes,  the  variety  of  the  pathogenic  bacteria,  and 
the  nature  of  the  fermentations  and  decompositions.  These  injuries 
are,  as  a  rule,  most  severe  in  those  cases  where  the  latter  processes 
have  been  at  wrork  from  earliest  childhood  and  where  the  artificial 
feeding  resorted  to  in  place  of  suckling  prepared  the  ground  for 
grave  diseases  during  the  whole  life.  The  examination  of  the  feces 
confirms,  furthermore,  the  results  obtained  by  the  percussion  test  for 
sensibility  in  the  gastrointestinal  canal,  as  is  the  case  when  blood  is 
found  in  the  feces,  and  give  us  indications  of  great  value  for  the 
diet,  allowing  us  to  avoid  overtasking  those  very  functions,  which 
show  themselves  most  damaged,  and  thus  to  lighten,  as  far  as  pos- 
sible, the  work  of  the  diseased  digestive  tract.  In  doing  this  we  fulfill 
the  first  condition,  without  which  a  complete  cure  of  the  gastro- 
intestinal canal  is  inconceivable.  How  sadly  is  this  method  of  ex- 
amination neglected,  even  by  authorities  on  gastrointestinal  dis- 
eases, although  it  is  so  important  that  every  physician  should  uncon- 
ditionally be  conversant  with  it. 

The  aforementioned  three  indicators  of  the  fermentation  and  de- 
composition processes  are  much  more  closely  bound  up  with  the  set- 
ting in,  and  especially  with  the  disappearance  of,  these  troubles,  than 
all  the  other  toxic  manifestations  independent  of  the  statements  and 
sensations  of  the  patient  of  which  I  have  knowledge.  This  conclu- 
sion is  grounded  on  careful  observation  of  a  very  large  number  of 
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cases  extending  over  a  period  of  25  years.  A  number  of  my  col- 
leagues, too,  who  have  already  adopted  or  tried  my  methods  of  ex- 
amination and  treatment,  have  indorsed  the  correctness  of  these 
observations,  among  others  Dr.  Holtzmann,  of  Strassburg,  and  physi- 
cians attached  to  the  hospital  at  Illenau.  I  will  devote  only  a  few 
words  more  to  the  determination  of  these  three  indicators. 

For  measuring  the  heart-width  we  have  the  following  aids: 
Ausculto-percussion  and  ausculto-phonation  (my  first  methods  of 
examination),  Bazzi-Bianchi's  phonendoscope,  Goldscheider's  glass 
stick,  and  the  determining  of  the  apex  impulse  of  the  heart,  all  of 
which  yield  the  same  result.  For  determining  the  stomach-height 
I  have  always  been  guided  by  the  palpation  of  the  stomach-colon 
boundary,  which,  after  a  little  practice,  by  a  gliding  palpation  from 
above  downward,  the  patient  standing,  is  perceptible  with  absolute 
certainty.  Furthermore,  all  the  aforementioned  methods  for  the 
heart  give  the  same  result.  Percussion  with  the  finger  on  Gold- 
scheider's glass  stick  applied  slantingly  gives  a  hollow  sound  by 
percussing  upward  at  the  stomach  boundary.  I  may  remark  here 
that  the  instrument  just  referred  to  is  extremely  easy  to  manipulate, 
and  one  which  has  become  indispensable  for  me  in  my  examinations. 
For  determining  the  width  of  the  colon  the  same  methods  of  exami- 
nation are  applicable.  The  lower  boundary  is  sharply  delineated 
by  Goldscheider's  glass  stick,  percussion  from  the  small  intestine  up- 
ward or  sidewaj^s  giving  at  once  a  deeper  note,  as  against  the  higher 
note  of  the  small  intestine.  Here  again  we  find  the  same  results, 
sharp  to  a  degree,  with  all  the  methods  of  examination.  Ausculto- 
phonation  is  an  easily  learned  procedure  of  my  own  discovery  for 
determining  the  extent  of  organs  and  of  tumors,  applicable  also  in 
the  case  of  the  lungs  for  ascertaining  the  extent  of  centers  of 
thickening,  all  that  is  required  for  putting  it  into  practice  being 
an  ear  trumpet  and  an  ordinary  tuning  fork.  All  these  methods  are 
easily  learned,  can  be  carried  out  by  every  physician,  and  are  in 
point  of  trustworthiness,  when  their  results  are  compared  one  against 
the  other,  far  superior  to  the  Roentgen-ray  method,  which  affords 
no  guaranty  against  falling  into  the  most  glaring  mistakes,  as  fresh 
cases  every  day  clearly  prove  to  me.  The  Roentgen  method  is, 
indeed,  more  in  keeping  with  the  spirit  of  our  day,  which  would  dis- 
pense with  all  practice,  all  accurate  thinking  and  careful  weighing 
of  results,  all  overexertion,  above  all,  however,  all  loss  of  time,  e.  g., 
in  the  establishing  of  the  diagnosis,  but  in  keeping  with  the  proverb, 
"  nil  sine  magno  labore,"  a  well-founded  diagnosis,  laying  clear  the 
causal  coherence  of  the  case,  will  never  be  established  without  these 
pains  and  sacrifices,  and  only  this  sound  and  well-laid  foundation 
will  make  it  possible  for  us  to  build  up  a  successful  therapy,  which, 
being  causal,  is  sure  and  certain  within  the  limits  of  human  power. 
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In  the  case  of  patients  with  naturally  inferior  or  weakened  central 
nervous  system,  disturbances  such  as  light  and  restless  sleep,  the 
recurrence  of  convulsive  movements  before  falling  asleep,  failure  of 
mental  working  power,  ill-humor,  as  results  of  toxic  influences  aris- 
ing from  the  fermentation  and  decomposition  processes,  and  with 
other  patients  now  and  then  local  troubles,  such  as  eructations,  pyro- 
sis, etc.,  may  announce  the  reappearance  of  fermentation  and  decom- 
position following  on  a  broadening  of  the  diet,  earlier  than  do  the 
indications  already  described,  afforded  by  the  heart,  stomach,  and 
large  intestine.  Such  data,  however,  always  render  us  dependent  on 
subjective  troubles,  i.  e.,  such  as  are  grounded  on  the  feelings  of  the 
patient,  and  which  may  be  transitory  and  have  for  their  moving 
cause  other  circumstances,  as  a  state  of  violent  mental  excitement, 
etc.,  that  is  to  say,  are  not  entirely  unquestionable. 

It  would  be  a  grave  sin  of  omission  on  my  part  were  I  to  make  no 
mention  of  the  extreme  importance  of  bodily  rest,  freedom  from 
excitement,  vexation,  etc.,  in  a  word,  mental  repose,  for  the  healing 
of  lesions  of  the  whole  digestive  tract,  above  all  for  the  healing  of 
stomach  lesions,  to  which  I  have  already  referred  elsewhere.6  But 
there  is  another  reason  why  rest  is  in  general  indispensable,  viz,  that 
it  enables  the  digestive  processes,  particularly  in  the  stomach,  to 
proceed  quicker  and  also  more  effectively.  Not  less  weighty  is  the 
circumstance  that  rest  reduces  the  caloric  requirements  of  the  body 
to  a  minimum;  hereby  again  is  moderated  the  loss  of  calories  to 
which  the  absolutely  essential  withdrawal  from  the  diet  of  fats, 
and  the  so  readily  assimilable  sugar,  subjects  the  body,  with  the 
result  that  emaciation  is  counteracted  as  far  as  possible.  This  con- 
temporaneous rest  cure — apart  from  the  complications  of  hemor- 
rhage, gastralgia,  acute  appendicitis,  etc.,  which  of  course  demand 
it — is  urgent  in  proportion  to  the  extent  of  the  stomach  lesions,  the 
latent  appendicitis,  and  the  lesions  of  the  large  intestine,  and  also 
in  proportion  to  the  degree  of  the  weight  shortage  present,  to  the 
severity  of  the  small  intestine  injuries,  and  thus  to  the  difficulty  with 
which  the  process  of  anabolism  is  carried  on.  But  more  strictly  than 
ever  must  we  insist  upon  this  rest  treatment  when  we  have  to  do  with 
more  extensive  latent  tuberculous  foci  in  the  lungs,  threatening  pleu- 
risy,  which  are  here  so  extremely  common.  By  this  means  we  shall 
attain  our  end  far  more  quickly  and  with  far  greater  certainty,  and 
shall  have  much  less  to  fear  from  progressive  emaciation  and  loss  of 
strength.  If,  in  the  case  of  patients  who  refuse  to  accommodate 
themselves  to  the  requirements  of  the  rest  cure  (particularly  when 
severe  injuries  of  the  small  intestine  and  more  extensive  gastro- 
intestinal lesions  are  present),  we  decline  from  the  outset  to  under- 
take the  treatment,  we  shall  spare  ourselves  many  an  undeserved 
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reproach,  as  the  patient  always  forgets  to  ascribe  to  himself  the  mis- 
chief resulting  from  his  disobedience  to  his  doctor's  injunctions. 
That  the  drawbacks  of  a  rest  cure  in  which  the  patient  maintains 
the  recumbent  posture  can  be  counteracted  by  passive  massage  of  the 
extremities  needs  no  arguing.  With  the  same  end  in  view,  the  pre- 
vention of  emaciation,  such  medicines  as  bismuth  carbonate,  mag- 
nesium peroxide  (Merck),  should  be  restricted  as  far  as  possible 
where  there  is  a  severely  reduced  state  of  nutrition,  but  especially 
does  this  injunction  apply  to  resorcine  and  benzonaphtol  in  the  case 
of  disease  of  the  large  intestine,  as  the  frequent  administration  of 
these  medicines  during  the  day  results  in  reduction  of  weight,  which 
can  be  avoided  by  the  withholding  of  these  remedies. 

For  which  diseases  and  manifestations  of  disease  does  this  diet  come 
in  question?  First  and  foremost,  of  course,  for  the  treatment  of 
chronic  gastric  catarrh,  which  is  very  rarely  met  with  unaccompanied 
by  gastric  lesions,  and  which  without  this  complication  is  almost 
entirely  confined  to  the  male  sex.  This  diet  comes,  furthermore,  in 
question  for  the  lesions  of  the  stomach,  which,  according  to  my  experi- 
ence, extending  over  more  than  25  years,  are  most  frequently  latent, 
i.  e.,  without  extensive  and  visible  hemorrhage  and  unaccompanied  by 
severe  pain,  and  which  also  generally  go  along  with  fermentation  and 
decomposition  processes  in  the  stomach  and  small  intestine.  Fur- 
thermore, this  diet  is  absolutely  necessary  for  the  treatment  of  dilata- 
tion of  the  stomach.  So  long  as  there  are  no  extensive  cicatricose  con- 
tractions of  the  pylorus,  which  in  the  manner  already  suggested  are 
easily  diagnosed,  the  most  pronounced  dilatation  of  the  stomach  will, 
under  this  diet,  with  absolute  certainty  shortly  subside.  I  regard, 
therefore,  the  washing  out  of  the  stomach  not  only  as  unnecessary, 
but  also  as  directly  hazardous  on  account  of  the  dangers  and  disadvan- 
tages discussed  in  the  foregoing  and  elsewhere,7  8  the  more  so  that 
without  this  diet  such  washing  out  can  never  entirely  disperse  the  fer- 
mentations and  decompositions,  and  that  this  procedure,  on  account  of 
the  weakening  of  the  mucous  membrane  of  the  stomach,  at  least 
renders  it  difficult  to  bring  the  stomach  into  a  state  in  which  fats  and 
sugar  are  tolerated.  This  weakening  of  the  mucous  membrane  of  the 
stomach  results  from  its  lixiviation  by  the  irrigation  fluid  in  spite  of 
the  use  of  physiological  salt  solution  and  manifests  itself  each  time 
in  a  reduction  of  the  bodily  weight  of  the  patient  to  the  extent  of, 
generally,  500  grams.  Anyone  who  weighs  all  this  against  the  invari- 
ably only  transitory  improvement,  which  can  result  from  the  washing 
out  of  the  stomach  when  unaccompanied  by  a  correct  diet,  will,  as  a 
conscientious  physician,  discontinue  this  practice  and  resort  to  it  only 
in  exceptional  cases,  such  as  those  of  threatened  poisoning,  etc.,  where 
it  remain  an  indicatio  causalis  and  operates  as  a  life-saving  resource. 
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Furthermore,  our  diet  comes  in  question  for  the  healing  of  the  lesions 
of  the  duodenum,  for  the  restoring  of,  or,  where  this  is  no  longer  pos- 
sible, for  the  amelioration  of  the  vastly  important  functions  of  the 
small  intestine,  which  after  a  lengthy  duration  of  the  gastric  disease 
are  generally  severely  injured  and  the  injuries  of  which  are  solely  a 
result  of  fermentation  and  decomposition  of  the  stomach  contents,  that 
have  been  going  on  for  man}^  years.  As  we  know,  the  small  intestine 
is  the  most  important  part  of  the  whole  digestive  canal ;  the  mere 
injuring  of  its  bactericidal  function,  which,  as  investigations  have 
shown,  is  so  easily  destroyed,  has  a  directly  pernicious  influence  on 
the  rest  of  the  body  and  is  the  cause  of  cystic  ailments  and  the  forma- 
tion of  gallstones,  for  I  have  never  seen  disease  of  the  gall  bladder 
without  accompanying  disease  of  the  stomach  and  small  intestine. 
Careful  clinical  examination  is  here  more  reliable  than  examinations 
in  the  dissecting  room. 

The  destruction  of  the  small  intestine's  capacity  for  killing  disease 
germs  is  the  sole  cause  of  appendicitis.  Very  frequently  appendicitis 
can  be  observed  as  latent  disease  in  gastric  complaints,  and  may  exist 
as  such  for  many,  many  years,  until,  as  the  result  of  encroaching  on 
the  peritoneum,  it  enters  upon  the  acute  stage.  The  destruction  of  the 
bactericidal  function  of  the  small  intestine  is  the  sole  cause  of  ulcera- 
tions of  the  large  intestine,  which  also  are  very  commonly  latent.  It 
is,  however,  also  the  most  common  and  most  important  cause  of  the 
invasion  of  tuberculosis  in  the  body  and  of  the  invasion  of  other 
infectious  diseases,  such  as  typhus  abdominalis,  dysentery,  etc.  In 
the  immunity  against  these  infectious  diseases  an  unimpaired  condi- 
tion of  the  bactericidal  function  of  the  small  intestine  probably  plays 
an  important  part.  No  small  role  is  played  also  by  the  injury  of 
the  small  intestine  functions  caused  by  fermentations  and  decomposi- 
tions, and  not  less  important  is  the  direct  influence  of  the  toxins  of 
these  processes  on  the  pancreas  in  the  injuries  of  the  pancreatic  func- 
tions and  the  diseases  of  the  pancreas.  No  other  procedure,  no  other 
remedy,  can,  according  to  my  careful  investigations,  repair,  or  at  least 
improve,  the  damaged  functions  of  the  small  intestine  than  the  put- 
ting an  end  to  the  fermentations  and  decompositions  in  the  stomach 
by  means  of  the  diet,  and  by  imposing  the  lightest  possible  functional 
burdens  on  the  small  intestine,  which,  as  my  experience  of  many  years 
goes  to  prove,  can  only  be  achieved  by  the  diet  under  discussion. 
Even  severe  injuries  of  the  functions  in  question,  after  a  six  months' 
carrying  out  of  the  dietary  treatment,  are  considerably  ameliorated, 
as  the  results  of  the  examination  of  the  feces  go  to  prove,  and  where 
the  fermentations  and  decompositions  have  not  persisted  too  long, 
can  be  entirely,  or  almost  entirely,  cured.  A  further  urgent  warning 
I  would  direct  against  the  spa  treatment,  where  the  waters  have  a 
purgative  action,  and  this  is  particularly  directed  against  the  cures 
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at  Karlsbad,  Marienbad,  and  Neuenahr,  which,  as  experience  and 
observations  show,  only  aggravate  the  condition  of  the  functions  of 
the  small  intestine,  and  also  of  the  stomach  functions,  and  which,  by 
heightening  the  stomach's  intolerance,  only  further  accentuate  the 
fermentation  and  decomposition.  The  transitory  improvement,  which 
takes  place  at  such  spas,  can  be  ascribed  only  to  that  most  weighty 
factor  of  bodily  (and  very  often  mental)  rest,  and  the  relaxation 
which  the  cure  affords,  but  which  can  be  obtained  in  equal  measure 
in  sanatoria  and  at  ordinary  health  resorts.  The  practice  of  drinking 
the  waters  at  spas,  and  here  I  make  no  exceptions,  is  entirely  super- 
fluous, and  without  this  dietetic  treatment  never  accomplishes  its  end, 
even  when  not  detrimental  in  the  manner  already  described.  Even 
in  association  with  this  diet  it  can  not,  according  to  my  investigations, 
accelerate  the  course  of  healing.  The  accentuation  of  the  fermenta- 
tions and  decompositions  caused  by  the  taking  of  purging  mineral- 
water  cures,  or  which  can  even  result  from  partaking  of  cold  mineral 
waters,  is  the  cause  of  the  severe  cardiac  disturbances,  the  severe 
sleeplessness,  severe  melancholia,  which  set  in  after  such  cures. 

This  same  diet  is  called  for  in  ulcerous  diseases  of  the  large  intes- 
tine, in  latent  typhlitis,  and  in  diarrhea.  The  latter  is  not  to  be 
cured  except  by  the  most  rigid  observance  of  diet,  and  as  a  rule  does 
not  require  the  administration  of  opiates.  In  this  intestinal  com- 
plication I  prescribe  bismuth,  carbonic.  10,  bismuth,  bisalicylic.  5, 
catechu  pulv.  4,  benzonaphtol  2,  of  which  I  give  as  much  as  will 
cover  the  end  of  the  blade  of  a  dinner  knife  up  to  half  a  teaspoonful 
two  hours  after  meals,  in  warm  weak  black  tea,  which  in  such  cases  I 
give  also  as  a  beverage.  Constipation  is  generally  only  a  result  of 
the  aforementioned  atony  of  the  large  intestine,  caused  by  the  toxins 
of  the  fermentations  and  decompositions,  but  which,  where  ulcera- 
tion of  the  mucous  membrane  of  the  large  intestine  is  present,  may 
also  be  due  to  spastic  contraction  of  the  large  intestine  at  the  seat 
of  the  ulcers,  being  very  seldom  conditional  alone  on  hemorrhoids 
following  on  stricture  of  the  sphincter.  This  constipation  can  be 
combated  only  with  this  diet,  if  the  causal  indications  are  to  be 
satisfied.  Where  there  are  strictures  of  the  sphincter,  not  infre- 
quently associated  with  particularly  severe  local  atony  of  the  rectum, 
these  must  be  put  an  end  to  by  dilating  the  sphincter.  It  is  not  to 
be  denied  that  this  diet  has  a  constipating  tendency,  and  that  at  first 
the  constipation  tends  to  increase.  For  all  that,  the  diet  must  not 
be  changed,  as  otherwise  atony  and  ulcers  of  the  large  intestine — not 
to  speak  of  severe  injuries  to  the  stomach  and  small  intestine — as 
was  shown  in  an  earlier  section,  can  never  heal;  on  the  contrary, 
these  conditions  could  only  be  made  worse,  and  all  for  the  sake  of 
the  temporary  success  of  evacuation  achieved.  For  the  same  reason 
all  purgatives  are  strictly  forbidden;  they  would,  above  all,  severely 
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injure  the  functions  of  the  small  intestine,  and  would  also,  as  shown 
elsewhere,9  have  a  gravelly  injurious  effect  on  the  digestion  and 
resorption  of  the  food.  As  a  matter  of  fact  one  finds  only  too  fre- 
quently the  severest  injuries  of  the  functions  of  the  small  intestine, 
as  observations  go  to  prove,  in  those  cases  where  a  misuse  of  purga- 
tives, extending  over  many  years,  was  to  be  recorded.  The  consti- 
pation must  be  combated  only  by  the  use  of  glycerin  suppositories, 
injections  of  camomile  tea,  oil,  or  liquid  paraffin,  until  spontaneous 
evacuation  results. 

I  wish  to  refer  also  to  the  great  importance  of  this  diet,  here  of 
course  only  in  its  liquid  form,  in  cases  of  typhus  abdominalis.  For 
the  speedy  healing  of  the  lesions  of  the  small  intestine,  and  for  the 
causal  combating  of  cardiac  weakness,  and  the  prophylaxis  of  hypo- 
static pneumonia,  this  diet  is  indispensable,  and  conduces  more 
quickly  and  certainly  than  anything  else  to  the  reduction  of  fever. 
As  all  my  observations  teach  me,  the  continuance  of  high  fever, 
stupor,  and  cardiac  weakness  are  due  only  to  a  wrong  diet,  sometimes 
to  the  giving  of  milk  and  yolk  of  egg,  and  when  the  patient  is  put 
on  a  correct  diet,  a  reduction  of  the  high  temperature  immediately 
follows,  until  by  degrees  the  fever  entirely  subsides.  This  same  diet 
is  alone  competent  in  the  treatment  of  dysentery.  That  in  the  early 
stages  of  infectious  diseases  of  the  digestive  canal  antiseptic  purga- 
tives are  indispensable  is  too  well  known  to  need  argument. 

Also  for  disease  of  the  gall  bladder  and  in  icterus  catarrhalis  this 
diet  is  alone  indicated,  taking  into  account  as  it  does  at  the  same 
time  the  indicatio  causalis.  If  the  stage  of  gallstone  formation  has 
already  been  reached  the  diet  can  of  course  do  nothing  for  this  com- 
plication, although  it  must  be  resorted  to  for  the  removal  of  the 
primary  disease,  that  of  the  gastrointestinal  canal,  which  must  never 
be  neglected.  I  can  not  refrain  from  expressing  here  my  keen  regret 
that  surgeons,  in  consequence  of  one-sided  examination  of  their 
patients,  are  constantly  overlooking  this  primary  disease  and,  indeed, 
often  enough  even  deny  its  existence,  through  ignorance  of  the 
proper  methods  of  examination,  or,  what  is  still  worse,  they  confuse 
for  the  same  reason  a  gastric  lesion  with  cholelithiasis,  or  with  ad- 
hesions of  the  gall  bladder,  with  the  result  that  an  entirely  mistaken 
operation  is  undertaken.  If  there  is  a  definite  diagnosis  of  chole- 
lithiasis, without  immediate  surgical  interference  appearing  neces- 
sary, I  consider  it  always  advisable,  before  the  operation  is  under- 
taken, to  relieve  first  the  primary  disease,  as  then,  thanks  to  the 
removal  of  the  cardiac  weakness,  resultant  on  the  treatment — which 
weakness  almost  always  goes  with  the  primary  disease — the  opera- 
tion is  attended  with  less  risk  and  offers  prospects  of  a  more  favor- 
able course  of  healing.  The  attempt  to  disperse  gallstones  by  hydro- 
66692— vol  2,  pt  1—13 32 
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therapeutics  or  medicines  is  useless.  Whilst  we  must  give  due  recog- 
nition to  the  successes  which  surgery  has  achieved  in  the  treatment 
of  cholelithiasis,  still  the  one-sided  treatment  of  what  is  only  a  com- 
plication, without  at  the  same  time  removing  the  primary  disease, 
attended  as  it  is  with  so  many  dangers,  can  never  guarantee  for  the 
patient  an  entirely  satisfactory  result.  To  touch  at  this  point  on 
the  remaining  abdominal  complications  which  call  for  surgical  in- 
terference, it  is  to  be  remarked,  that  appendicitis,  as  many  observa- 
tions go  to  prove,  only  very  seldom  requires  surgical  procedures. 
The  dietetic  treatment  of  the  disease  of  the  stomach  and  small  intes- 
tine, which  is  always  present,  removes  also  the  latent  appendicitis 
quickly  and  surely.  We  have  success  even  when  the  disease  is 
accompanied  by  severe  local  pain.  In  all  my  30  years  of  profes- 
sional activity  I  have  only  in  two  cases — in  which  perforation  had 
led  to  abscess  formation — had  to  call  a  surgeon  to  my  assistance. 
In  gastric  affections,  too,  unprofitable  surgical  procedures  are  far 
too  frequent. 

In  many  cases  the  gastroenterostomy  was  undertaken,  or  suggested, 
as  last  resource,  after  the  patient  had  submitted  for  a  long  time  to  a 
treatment  which  could  not  be  successful,  because  it  did  not  provide 
for  a  correct  diet  and,  often  enough,  for  the  absolute  rest  so  indis- 
pensable. It  is  overlooked  in  such  cases  that  a  gastroenterostomy 
has  no  effect  whatever  on  either  the  severely  injured  mucous  mem- 
brane of  the  stomach  with  its  lesion,  or  on  its  functions.  For  this 
reason  the  gastroenterostomy  has  never  any  other  influence  on  the 
gastric  lesion  than  a  rest  cure  of  equal  duration  and  with  the  same 
diet  would  also  have.  The  operation  is  always  without  influence 
on  the  fermentations  and  decompositions  in  the  stomach,  as  underly- 
ing the  latter  is  solely  the  inability  of  the  stomach  to  tolerate  foods 
capable  of  giving  rise  to  these  processes,  and  this  inability  can  never 
be  influenced  by  such  an  operation.  Frequently  enough,  as  has  been 
shown  by  careful  investigations,  in  the  case  of  such  unfortunate 
patients,  with  all  their  troubles  associated  with  the  disease  of  the 
stomach,  small  intestine  and  colon  remaining  unchanged,  another 
ulcer  formation  at  the  place  of  connection  of  stomach  and  small  intes- 
tine comes  to  add  to  their  sorrows.  Gastroenterostomy  is  indicated 
only  in  cases  of  more  pronounced  stenosis  of  the  pylorus,  where  there 
is  difficulty  in  emptying  the  stomach.  I  have  hitherto  only  once  had 
tc  recommend  such  an  operation,  in  a  Case  in  which  there  was  at  the 
time  no  longer  any  gastric  lesion;  10  years  later  the  case  presented 
itself  again  with  a  new  lesion  of  the  stomach,-  a  lesion  of  the  small 
intestine  near  the  place  of  connection,  with  severe  disease  of  the  small 
intestine  and  colon  following  on  marked  gastric  fermentation  and 
decomposition  processes,  all  of  which  the  operation  was  powerless  io 
prevent,  though  performed  in  irreproachable  manner  by  an  extraordi- 
narily capable  surgeon.  Geheimrat,  Dr.  C. 
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Before  I  leave  the  subject  of  the  diseases  of  the  gastrointestinal 
canal  and  its  annexions,  I  wish  to  refer  briefly  to  a  simple  method 
of  examination  for  the  diagnosis  and  the  differential  diagnosis  of 
lesions  of  the  mucous  membrane,  particularly  as  applicable  to  the 
determining  of  the  exact  location  of  these  lesions,  but  also  the  com- 
pletion of  their  healing,  a  method,  the  application  and  value  of 
which  I  have  discussed  in  more  detail  in  another  work,10  viz,  the 
test  of  the  percussory  sensitiveness.  This  method  is  equally  adapted 
for  the  determination  of  gastrointestinal  lesions  and  lesions  of  the 
duodenum,  as  also  for  the  determination  of  gall-bladder  affections, 
particularly  latent  affections,  and  gallstones,  also  of  latent  appendi- 
citis, without  doing  injury  to  the  patient,  in  contradistinction  to  the 
test  of  the  sensitiveness  to  pressure,  which  must  invariably  aggravate 
the  lesions  and  which,  by  causing  perforation,  may  even  result  in  a 
hitherto  latent  appendicitis  becoming  acute.  For  this  reason  I 
apply  the  test  of  sensitiveness  to  pressure  in  the  case  of  the  colon, 
S.  Romanum,  and  the  appendix,  only  after  the  percussory  test  of 
sensitiveness  has  shown  itself  to  be  negative  of  result,  even  with  the 
most  forcible  percussion,  and  when  I  wish  to  convince  myself  at  any 
cost  of  the  intactness  of  the  intestinal  sections  in  question.  This 
test  of  the  percussoiy  sensitiveness  will  be  best  carried  out  on  the 
organs  of  the  abdomen  with  the  patient  in  an  erect  posture.  Of  the 
greatest  importance  is  this  test  of  sensitiveness  also  in  pulmonary 
tuberculosis,  particularly  for  the  determination  of  superficial  foci, 
which  so  readily  bring  on  pleurisy  or  pneumothorax,  as  also  for 
determining  the  extent  of  an  acute  pleurisy,  pericarditis,  or  peri- 
tonitis. It  is  for  me  a  matter  of  regret  that  this  method,  which,  in 
association  with  the  fixing  of  the  limits  of  the  organs  by  the  methods 
referred  to  in  the  foregoing,  allows  of  such  an  exact  differential 
diagnosis,  has  made  so  little  headway  among  our  professors  and  in 
our  practice,  and  I  can  not  sufficiently  urge  it  on  the  attention  of 
surgeons  occupying  themselves  with  internal  operative  procedures, 
with  a  view  to  the  prevention  of  their  very  regrettable  mistakes.  It  is 
a  method  which  will  never  be  superseded  by  the  Roentgen-ray 
photography,  is  simple,  demands  no  practice,  and  can  be  immediately 
applied  by  every  physician,  although  it  must  forego  the  theatrical 
effect  of  the  X-ray  photography.  As  everywhere  else,  so  particularly 
in  the  field  of  medicine,  the  simplest  methods  remain  always  the  best. 

Of  great  importance  is  the  diet  in  question  in  the  case  of  toxic 
albuminuria,  and  for  the  treatment  of  nephritis.  I  have  shown  in 
another  work11  that  the  toxins  from  the  gastroenteric  fermentation 
and  decomposition  processes,  being  excreted  by  the  kidneys,  main- 
tain a  more  or  less  pronounced  irritation  of  the  renal  parenchyma, 
the  degree  of  which,  apart  from  the  degree  of  the  fermentation  and 
decomposition  processes,  is  conditioned  only  by  the  varying  resist- 
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ance  capacity  of  the  parenchyma  of  the  kidneys,  so  different  in  indi- 
viduals. This  toxic  albuminuria  is  demonstrable  in  almost  all  cases 
of  fermentation  and  decomposition,  although  fortunately  very  often 
in  only  just  perceptible  degree.  Most  cases  of  albuminuria,  unas- 
sociated  with  affections  of  the  kidneys  and  urinary  passage,  have 
this  gastroenteric  origin,  and  are  of  great  importance  as  weighty 
and  only  guides  for  judging  of  the  resistance  of  the  renal  parenchyma 
in  each  individual  case  of  disease,  and  thus  again  for  the  prophy- 
laxis of  chronic  kidney  inflammations.  The  discovery  of  severer 
toxic  albuminuria  (0.005  to  0.01  per  cent)  calls  at  once  for  the  perma- 
nent inhibition  of  alcohol,  tobacco,  coffee,  and  highly  spiced  foods, 
and  for  the  most  thorough  removal  of  any  (latent)  syphilitic  affec- 
tions that  may  be  present,  a  measure  of  which  the  importance  and 
necessity  are  in  direct  proportion  to  the  incurability  of  the  chronic 
nephritis.  Both  moderate  and  severe  cases  of  toxic  albuminuria,  but 
first  and  foremost  the  more  trifling  cases,  improve  of  themselves 
under  the  diet,  without  any  other  treatment  than  that  devoted  to  the 
primary  disease,  even  if  small  traces,  especially  when  the  fermenta- 
tions in  the  stomach  and  small  intestine  have  been  of  long  dura- 
tion, remain  demonstrable  for  a  long  time  as  secondary  effects. 
But  also  in  the  chronic  and  acute  cases  of  nephritis  this  diet  is  indis- 
pensible,  and  a  veritable  blessing,  just  so  far  as  any  improvement  is 
still  at  all  possible,  as  precisely  the  toxins  from  fermentations  and 
decompositions  in  the  stomach  and  small  intestine,  where  these  are 
present,  affect  most  disastrously  the  diseased  renal  parenchyma,  and 
thus  also  the  loss  of  albumin  in  the  body. 

Here,  above  all,  must  we  be  concerned  to  avert  the  grave  dangers 
of  permanent  irritations  of  the  renal  parenchyma,  caused  by  the 
excretion  of  gastroenteric  toxins,  and  the  effect  of  the  correct  diet 
is  seen  in  that  the  amount  of  contained  albumin  recedes  in  a  short 
time  from  0.6  to  0.2  and  even  0.1  per  cent,  the  miliary  casts  become 
reduced  in  number,  and,  thanks  to  the  increased  strength  of  the  heart, 
the  dyspnoea  and  edema  may  be  reduced,  the  diuresis  relieved,  and 
the  general  condition,  sleep,  and  appetite  improved.  Immediately 
there  is  the  slightest  evidence  of  fermentation  in  the  gastrointestinal 
canal,  no  matter  how  apparently  trifling,  in  chronic  nephritis,  and 
above  all  in  acute  nephritis,  milk,  yolk  of  egg,  butter,  and  fats  must 
be  immediately  forbidden.  In  an  acute  nephritis  the  persistent 
condition  of  irritation  of  the  renal  parenchyma,  maintained  by 
gastroenteric  fermentations  and  decompositions,  may  effectively 
hinder  the  recovery  of  the  diseased  kidneys.  Milk,  yolk  of  egg, 
and  butter  are,  therefore,  permissible  only  where  the  digestive  proc- 
esses in  the  gastrointestinal  canal  are  entirely  unimpaired,  and  when 
a  constant  watch  can  be  kept  on  the  dimensions  of  the  heart,  stomach, 
and  colon,  so  that  on  the  appearance,  or  reappearance,  of  fermenta- 
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tion  and  decomposition  in  the  stomach  and  small  intestine,  milk, 
yolk  of  egg,  and  butter  may  be  again  cut  off,  as  the  recurrence  of 
these  processes  leads  immediately,  in  absolute  accordance  with  law, 
as  numerous  careful  observations  have  shown,  to  a  renewed  exacerba- 
tion of  the  albuminuria  and  the  increased  passing  of  casts  in  the 
urine.  The  same  applies,  as  I  need  hardly  say,  to  the  grape  cure, 
so  popular  in  chronic  nephritis,  as  indeed  to  the  allowing  of  fruit  of 
any  kind,  which  has  likewise  as  preliminary  condition  an  entirely 
unimpaired  gastrointestinal  canal,  free  from  fermentations  and  de- 
compositions, but  which  also  demands  at  the  same  time  a  never- 
ceasing  watch  over  the  measurements  of  heart,  stomach,  and  large 
intestine. 

I  further  wish  to  allude  briefly  to  the  importance  of  the  diet  in 
cases  where,  owing  to  gastroenteric  fermentation  and  decomposition, 
there  is  an  excess  of  phosphates  in  the  urine,  and  increased  excretion 
of  carbonates,  which  rapidly  disappear  as  soon  as  an  improvement 
takes  place  in  these  processes,  and  which  often  in  severe  stages  go  side 
by  side  with  signs  of  irritation  in  the  urinary  passage.  The  same  ap- 
plies to  the  abnormal  excretion  of  urates,  so  far  as  this  is  due  to  the 
increase  of  uric  acid  resultant  on  the  disintegration  of  the  body 
albumen,  which,  in  its  turn,  is  due  to  the  action  of  gastric  toxins, 
a  state  of  affairs  which  we  so  frequently  observe  in  the  case  of 
fermentation  and  decomposition  processes  associated  with  pro- 
nounced emaciation.  Furthermore,  the  consecutive  diseases  of  the 
large  intestine  conduce  to  the  formation  of  renal  calculi,  a  part  of 
these  concretions  having  probably  for  their  final  cause,  as  investiga- 
tions prove,  the  breaking  down  of  the  function  of  the  large  intestine 
to  eliminate  the  very  insoluble  lime,  but  especially  the  oxalic  acid.  It 
is  fortunate  in  a  way,  that  generally,  owing  to  a  contemporaneous 
achlorhydria,  or  subacidity  of  the  gastric  juice,  the  resorption  of 
the  calcium  salts  is  prevented,  or  at  least  rendered  more  difficult, 
otherwise  the  lime  concretions  in  the  kidneys  would  certainly  be 
more  frequently  met  with.  The  increase  of  uric  acid  already  alluded 
to  may,  as  is  known,  lead  to  the  formations  of  concretions  of  the 
kidneys.  Whilst  in  the  case  of  phosphaturia  and  uraturia  the  action 
of  the  diet  is  so  quick  and  certain,  in  the  presence  of  renal  concre- 
tions it  is  of  course  unavailing,  and  its  whole  importance,  therefore, 
lies  solely  in  the  prevention,  by  a  prompt  and  radical  removal  of 
these  disorders  of  metabolism,  in  the  timely  removal  of  the  gastric 
trouble,  and  probably  further  in  the  early  removal  of  the  infections 
of  the  urinary  passage,  when  these  have  made  their  appearance. 

In  the  early  37ears  of  childhood  the  dietetic  treatment  is  of  impor- 
tance for  the  prophylaxis  and  removal  of  rickets  and  for  the  prophy- 
laxis of  subsequent  dental  caries.  The  entirely,  or  at  least  seriously, 
arrested  absorption  of  lime,  caused  by  the   achlorhydria   or  pro- 
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nounced  subacidity  consequent  on  severe  gastric  disease,  can  not 
fail  to  have  a  most  unfavorable  influence  on  the  development  of 
bones  and  teeth.  It  is  for  this  reason  that  we  meet  with  rickets 
only  in  such  children  as  are  not  fed  at  the  breast,  and  in  whose  case, 
particularly  owing  to  the  sugar  given,  the  occurrence  of  gastric  fer- 
mentations and  decompositions  is  encouraged,  and  these  processes 
themselves  markedly  intensified.  The  giving  of  preparations  of 
lime,  with  a  view  to  combating  rickets,  does  not  affect  the  indicatio 
causalis,  but  has  rather  a  disturbing  influence  on  the  digestive  proc- 
esses, as  is  the  case  with  cod-liver  oil,  and  is  illogical,  seeing  that 
the  trouble  is  not  caused  by  an  insufficiency  of  calcium  salts  in  the 
food,  but  by  the  greatly  lessened  resorption  of  the  lime.  A  contribu- 
tory cause  is  possibly  the  impoverishment  of  the  tissue  fluids  in  alka- 
lies consequent  on  the  fermentations  and  decompositions  in  the  stom- 
ach and  small  intestine,  which  shows  itself  in  the  increased  excre- 
tion of  carbonates  already  alluded  to,  as  the  alkalies  for  the  neutral- 
izing of  the  resorbed  and  greatly  increased  acids  of  the  fermentation 
and  decomposition  processes  must  be  drawn  from  the  blood.  To 
what  extent  the  osteomalacia  is  influenced  by  the  broken-down  lime 
assimilation  resulting  from  chronic  gastric  trouble,  to  what  extent 
accordingly  the  diet  can  have  a  prophylactic  and  ameliorating  action, 
I  have,  unfortunately,  no  experience,  owing  to  the  lack  of  material 
for  observation.  That  this  disturbance  plays  a  part,  is  probable; 
other  changes  in  the  blood  and  tissue  fluids,  however,  must  certainly 
cooperate,  having  a  solvent  action  on  the  lime  in  the  bone  tissue. 
That  pregnancy  plays  a  part,  in  its  providing  for  the  necessary 
supply  of  lime,  is  certain  and  well  known. 

The  increase  of  uric  acid  consequent  on  the  action  of  gastro- 
enteric toxins  is  also  of  importance  in  lumbago  and  sciatica,  not  in- 
frequently met  with  in  gastrointestinal  diseases,  complications  in 
which  Weintraud,  too,  has  observed  an  increase  of  the  uric  acid.  A 
thorough  and  permanent  cure  of  these  troubles  is  best  and  most 
certainly  achieved  by  applying  this  diet  for  the  dispersion  of  the 
fermentations  and  decompositions  in  the  gastrointestinal  canal, 
which  are  the  cause  of  the  increased  formation  of  uric  acid. 

The  significance  of  uric  acid  in  gout  is  very  generally  recognized. 
If  we  adhere  to  the  view  already  touched  on,  that  the  increase  of 
Uric  acid  in  the  body  is  brought  about  by  the  accentuated  disinte- 
gration of  albumin  contained  in  the  body  and  of  the  cell-nuclei,  we 
can  then  regard  as  the  cause  of  the  pathological  increase  of  uric  acid, 
also  in  gout,  only  toxic  actions,  but  not  excess  of  metabolism  of 
meat  or  a  one-sided  meat  diet.  The  most  important  and  most  fre- 
quent cause  of  these  toxic  operations,  not  to  speak  here  of  infectious 
diseases,  will  be  found  in  the  fermentation  and  decomposition 
processes  of  the  gastrointestinal  canal.     As  the  records  of  investi- 
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gations  show,  the  increase  of  urates  here  is  in  direct  proportion  to 
the  severity  of  the  toxic  manifestations  of  the  fermentation  and 
decomposition  processes  (particularly  the  fermentations  resulting 
in  oleic  and  butyric  acids)  and  to  the  rapidity  with  which  the 
emaciation  took  place.  As  has  been  proved  by  Garrod,  Schitten- 
helm,  Brugsch,  and  Gudzent,12  in  the  case  of  the  gouty  subject  we 
have  to  do  with  a  supersaturation  of  the  blood  with  sodium  mono- 
urate,  which,  however,  can  not  be  due  to  a  diminished  elimination 
of  uric  acid  by  the  kidneys,  as  this  elimination  by  the  kidneys  is 
not  restricted  in  gouty  patients.  The  overloading  of  the  blood  with 
uric  acid  can,  for  this  reason  also,  in  my  opinion,  only  take  place  as 
result  of  the  overproduction  of  uric  acid  consequent  on  the  patho- 
logically increased  disintegration  of  nuclei  and  of  the  albumin  con- 
tained in  the  body.  The  causal  treatment  of  gout  must  accordingly 
be  directed  against  the  overproduction  of  uric  acid  due  to  toxic 
influences,  and  weight  must  be  laid  chiefly  on  putting  an  end  to  the 
processes  of  fermentation  and  decomposition  by  means  of  a  correct 
diet,  which  here,  needless  to  say,  must  not  include  calf's  sweetbread 
and  calf's  brains,  articles  of  food  rich  in  purin,  whilst  the  removal 
of  the  toxic  influences  of  alcohol  and  tobacco  will  be  promoted  by 
the  diet  itself.  In  the  prophylaxis  the  reduction  of  the  uric  acid  to 
the  physiological  proportion  must  always  be  the  essential  point. 
The  exceptional  position  which  gout  takes  among  the  disorders  of 
metabolism  is  due  to  the  retention  and  deposition  of  uric  acid  in  the 
tissues,  leading  to  palpable  pathological-anatomical  changes,  which 
again  demand  a  special  treatment. 

Umber  rightly  regards  this  as  the  primary  condition  of  gout.13 
A  nearer-lying  cause  of  this  deposition  of  uric  acid  is  possibly  the 
atony  of  the  peripheral  blood  vessels,  and  the  reduction  of  the  strength 
of  the  heart  due  to  the  toxins  of  the  fermentations  and  decomposi- 
tions, which  is  reflected  in  the  complaints  of  the  patient  of  cold 
hands  and  feet.  A  further  cause  of  the  retention  of  uric  acid  in  the 
tissues,  in  addition  to  the  increased  difficulty  attached  to  the  carry- 
ing off  of  this  acid  by  the  blood  due  to  its  supersaturation  with  uric 
acid,  may  lie  in  the  decreased  alkalinity  of  the  tissue  fluids,  which 
has  already  been  alluded  to,  as  a  consequence  of  the  accentuated  con- 
sumption of  alkalies  required  to  neutralize  the  butyric  acid,  acetic 
acid,  and  lactic  acid  as  resorbed  products  of  the  gastric  decomposi- 
tion processes,  for  the  blood,  as  is  well  known,  is  able  to  maintain  its 
almost  neutral  reaction  within  fairly  extensive  limits.  Both  possi- 
bilities, therefore,  neither  of  which  is  excluded  by  their  reciprocal 
influences,  point  to  the  great  importance  of  the  removal  of  the 
processes  of  fermentation  and  decomposition.  On  the  uric  acid, 
when  once  its  deposition  in  the  tissues  is  accomplished,  and  on  the 
pathological-anatomical  changes  and  their  removal,  when  once  they 
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have  taken  place,  the  diet  is  again  without  influence.  Here  only 
such  measures  can  avail  as  result  in  rendering  soluble  the  uric  acid 
deposited,  making  possible  its  conveyance  into  the  blood  no  longer 
supersaturated  with  this  acid,  measures,  however,  which,  according 
to  the  investigations  of  His,  Paul,  and  Gudzent,14  do  not  include  the 
use  of  lithia  water  and  alkalies,  for  the  giving  of  these,  as  Gudzent 
rightly  remarks,  is  in  direct  opposition  to  the  physical  chemistry  of 
the  blood  and  of  the  uric  acid  itself. 

For  the  same  reason  the  effect  of  gastroenteric  toxins  on  the 
atony  of  the  peripheral  blood  vessels,  in  reciprocal  action  with  the 
flooding  of  the  blood  with  uric  acid,  may  be  of  a  certain  importance 
also  for  the  etiology  of  chronic  rheumatism,  and  to  this  may  come 
as  further  important  factors  damp,  cold  dwelling  houses,  situated 
near  or  on  the  ground,  working  under  similarly  unfavorable  con- 
ditions, and  also  chronic  alcoholism.  I  found  a  careful  consideration 
of  the  complicating  gastro-intestinal  ailments  to  exert  the  best  in- 
fluence on  the  treatment  of  this  grave  and  obstinate  disease,  if  ac- 
companied at  the  same  time  by  a  removal  of  the  unfavorable  hygienic 
factors. 

A  disorder  of  the  body  of  exceedingly  great  moment,  which  may 
have  its  origin  in  gastro-intestinal  disease,  and  which  can  be  removed 
by  diet,  is  underweight  and  emaciation. 

Excluding  the  cases  where  the  emaciation  was  brought  on  by  other 
ailments,  underweight  was  observed  in  82.8  per  cent  of  605  male 
cases  and  in  81.9  per  cent  of  580  women.  There  was  an  underweight 
of  5  to  9.5  kilograms  in  22.9  per  cent  of  males  (2.1  per  cent  in  the 
period  of  growth)  and  in  22.7  per  cent  of  females  (4.8  per  cent  in 
period  of  growth) ,  an  underweight  of  10  to  19.5  kilograms  in  39.85 
per  cent  of  males  (5.4  per  cent  in  period  of  growth)  and  in  37.8  per 
cent  of  females  (6.6  per  cent  in  period  of  growth),  an  underweight 
of  20  kilograms  and  more  in  8.1  per  cent  of  males  (0.3  per  cent  in 
period  of  growth,  5  cases  bedridden)  and  12.9  per  cent  of  females 
(0.3  per  cent  in  period  of  growth,  16  cases  bedridden).  Emaciation 
without  other  complications  was  observed  in  84.7  per  cent  of  males 
and  in  82.4  per  cent  of  females,  viz,  5  to  9.5  kilograms  in  36.5  per 
cent  of  males  (3.7  per  cent  in  period  of  growth)  and  in  32.1  per  cent  of 
females  (5.5  per  cent  in  period  of  growth),  emaciation  to  the  extent 
of  19.5  kilograms  in  22.3  per  cent  of  males  (2  per  cent  in  period  of 
growth)  and  in  24.7  per  cent  of  females  (1.4  per  cent  in  period  of 
growth),  emaciation  to  the  extent  of  20  kilograms  and  more  in  3.1 
per  cent  of  males  and  in  3.79  per  cent  of  females  (0.2  per  cent  in 
period  of  growth). 

As  emaciation  and  underweight,  as  is  generally  known,  greatly 
facilitate  the  bacillary  infections  of  the  body,  by  diminishing  the 
power  of  resistance  of  the  latter,  and  according  to  the  investigations 
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of  M.  Ficker,15  the  permeability  of  the  mucous  membrane  of  the 
intestines  for  bacteria  in  cases  of  starving  is  increased;  and  as, 
furthermore,  in  accordance  with  what  has  been  shown  in  the  fore- 
going, through  the  destruction  of  the  bactericidal  function  of  the 
small  intestine  consequent  on  fermentations  and  decompositions  the 
risk  of  infection  by  bacteria  is  greatly  enhanced,  we  see  from  this 
the  grave  danger,  in  respect  to  infections,  arising  from  defective 
alimentation  and  emaciation  resulting  from  gastrointestinal  disease. 
Various  weighty  factors  operate  to  give  rise  to  underweight  and 
emaciation,  to  which  I  wish  to  make  here  only  brief  reference.  The 
so  near-lying  causes  of  lack  of  appetite,  dread  of  taking  food  on 
account  of  violent  pain  resulting,  vomiting,  hemorrhage,  and  diar- 
rhea, I  shall  pass  over.  In  spite,  however,  of  good  appetite,  in  spite 
of  apparently  normal  digestion  and  evacuation,  emaciation  may  take 
place,  and  that  as  the  result  of  the  fermentation  and  decomposition 
processes  and  their  consequences.  The  chemical  effect  of  these  is 
that  the  food  is  so  split  up  in  consequence  of  the  fermentations  and 
decompositions  that  it  becomes  unsuitable  for  the  synthesis  to  body- 
building material.  The  further  chemical-pathological  effect  is  that, 
in  consequence  of  the  fermentations  and  decompositions,  the  mucous 
membrane  of  the  stomach  and,  progressing  further,  the  mucous  mem- 
brane of  the  small  intestine,  and  finally  of  the  large  intestine,  are 
injured  to  such  an  extent  that  the  secretion  of  the  digestive  fluids  is 
gravely  prejudiced,  with  the  result  that,  as  shown  by  the  examination 
of  the  feces,  there  is  more  or  less  severe  damage  to  the  digestion  of 
connective  tissue,  to  the  digestion  of  meat,  in  consequence  of  injury 
to  the  secretory  functions  of  the  liver  and  pancreas,  to  the  digestion 
of  starch  and  fats,  to  the  digestion  of  nuclein,  and  thus  to  the  re- 
sorption of  the  food. 

Furthermore,  just  as  the  secretory  functions  of  the  mucous  mem- 
brane of  the  stomach  and  intestines  are  injured,  so  will  also  the  vastly 
important  synthetic  functions  of  the  same  be  damaged,  concerning 
which  we  can  as  yet  only  make  conjectures.  Their  grave  injuries  are, 
however,  clearly  evident  in  cases  where,  in  spite  of  the  fact  that  the 
secretory  and  resorptive  functions  of  the  small  intestine  appear  from 
an  examination  of  the  feces  to  be  entirely,  or  almost  entirely,  re- 
stored, and  other  complications,  or  grounds  for  the  nonoccurrence 
of  an  increase  in  bodily  weight,  are  wanting,  there  is  for  a  long  time, 
or  even  permanently,  failure  of  anabolism,  this  applying  particu- 
larly to  cases  in  which  the  fermentation  and  decomposition  processes 
have  been  of  long  duration.  The  further  cause  of  emaciation,  viz, 
the  injury  of  the  functions  of  the  liver  and  pancreas,  due  to  the  effect 
of  the  fermentation  and  decomposition  toxins,  and  which  is  more  or 
less  severe  in  proportion  to  the  individually  varying  resistance  of  the 
organs,  has  been  already  mentioned.     Of  not  less  importance,  how- 
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ever,  for  the  condition  of  emaciation  is  the  disintegration  of  the 
albumin  contained  in  the  body,  already  mentioned  in  dealing  with 
uraturia,  caused  by  the  toxic  action  of  fermentations  and  decomposi- 
tions in  the  stomach  and  small  intestine,  and  furthermore  comes  the 
imcreased  secretion  of  perspiration,  as  seen  in  profuse  night  sweats, 
the  causa  movens  of  which  is  given  by  the  fermentation  and  decom- 
position processes,  which  use  this  channel  for  the  elimination  of  their 
poisons,  the  loss  of  water  on  a  large  scale  having  always  a  reducing 
effect  on  the  body.  Emaciation  is  favored  further  by  any  more  pro- 
nounced toxic  albuminuria  that  may  be  present,  by  misdirected  thera- 
peutic measures,  among  which  may  be  particularly  instanced  the  use 
of  saline  waters  and  purgatives  for  combating  constipation,  with 
their  gravely  injurious  action  on  the  small  intestine,  also  on  the 
stomach  and  large  intestine,  by  long-continued  washing  out  of  the 
stomach,  etc. 

I  wish  to  emphasize  here  that  forced  alimentation  in  cases  of  (so 
frequently  latent)  gastrointestinal  disorders  and  diseases,  resorted  to 
as  it  so  often  is,  to  relieve  conditions  of. weakness  and  emaciation, 
is  entirely  mistaken,  as  it  can  at  the  best  only  temporarily  increase 
the  weight  and  must  invariably  accentuate  the  fermentation  and  de- 
composition processes,  through  the  overtasking  of  the  diseased  mu- 
cous membrane  of  the  stomach  and  intestines,  but  particularly  on 
account  of  the  mistakes  made  in  the  selection  of  foods.  In  con- 
sequence of  this,  again,  all  the  severe  toxic  manifestations  are  accen- 
tuated, and  the  ruin  of  the  stomach  and  small  intestine  functions 
becomes  more  complete,  as  I  have  often  enough  been  able  to  observe 
in  the  case  of  patients  who  had  gone  through  such  a  treatment  of 
forced  alimentation  in  sanatoria.  The  stomach  and  small  intestine, 
however,  tolerate  least  of  all  a  treatment  based  on  such  faulty  hy- 
potheses. It  is  not  the  increase  in  the  weight,  and  with  this  the 
removal  of  the  underweight  as  a  manifestation  of  the  disease,  but 
rather  the  radical  removal  of  the  cause  of  the  underweight,  which 
we  should  regard  as  the  sole  object  worthy  of  our  striving  after.  This 
accomplished,  the  increase  of  weight  will  follow  of  itself,  always 
assuming  that  the  functions  of  the  stomach  and  small  intestine  have 
not  been  too  long  and  too  severely  injured.  The  same  applies  to  all 
tonics  and  restoratives,  the  giving  of  which  is  justified  only  when 
they  are  ( 1 )  free  from  all  substances  which  give  rise  to  fermentations 
and  decompositions,  and  (2)  so  easily  absorbed  that  they  do  not  make 
too  heavy  demands  on  the  mucous  membrane  of  the  stomach  and 
small  intestine.  Here,  too,  only  painstaking  examinations,  particu- 
larly of  the  faeces,  can  guard  us  from  wrong  therapeutic  measures, 
when  we  have  to  do  with  extreme  cases  of  underweight.  Of  particu- 
lar moment  are  the  injuries  resulting  from  gastrointestinal  diseases, 
which  have  been  in  existence  from  earliest  childhood  and  which  have 


Plonies.]  DIET  AND   DISEASE.  507 

resulted  in  a  serious  and  continued  condition  of  underweight,  in  the 
stunting  of  the  whole  body,  and,  in  the  presence  of  severe  toxic  con- 
ditions, even  in  the  retarding  of  the  mental  development.  In  pro- 
portion to  the  severity  of  the  injuries  to  the  stomach,  small  and  large 
intestines,  the  greatest  caution  is  to  be  exercised  in  judging  of  the 
prognosis. 

Similar  considerations  will  apply  also  in  anemia  and  its  dietetic 
treatment,  a  complication  which,  more  or  less  strongly  stamped  as 
aftercondition  of  the  fermentations  and  decompositions,  is  not  less 
common  than  underweight  or  emaciation.  In  the  so  extraordinarily 
frequent  cases  of  latent  gastrointestinal  ailments,  anemia,  in  associa- 
tion with  emaciation  and  underweight,  forces  itself  to  the  forefront 
to  such  an  extent  that  the  primary  disease,  that  of  the  stomach  and 
intestines,  is  overlooked  and  the  anemia  regarded  and  treated  as  inde- 
pendent complaint.  This,  as  in  the  case  of  emaciation,  can  never 
lead  to  a  permanent  and  speedy  success,  seeing  that  the  cause  of  the 
anemia  works  on  unabated,  or  is  even  aggravated  by  the  use  of  iron 
preparations,  as  are  also  the  fermentations  and  decompositions.  For, 
leaving  the  hemorrhages  as  cause  out  of  consideration,  proceeding  as 
they  do,  whether  acute  or  latent  and  chronic,  from  the  lesions  of  the 
mucous  membrane,  the  cause  is  found  here  again  in  the  results  of 
the  processes  of  fermentation  and  decomposition.  As  contributory 
cause  comes  the  circumstance  that  the  resorption  of  the  iron  in  the 
food  is  rendered  difficult  or  prevented,  owing  to  the  injury  of  the 
mucous  membrane  of  the  stomach  and  small  intestine.  The  predomi- 
nating cause,  however,  lies  in  the  toxic  effects  of  the  fermentation  and 
decomposition  processes,  consequent  on  which  follows  the  disintegra- 
tion of  the  red  blood  corpuscles,  and  so  the  increased  elimination  of 
biliary  pigment  and  urobilin,  the  deposition  of  pigment  in  the  skin, 
as  seen  in  the  grayish  yellow  color  of  the  skin  in  such  patients.  But 
the  new  formation  of  the  red  blood  corpuscles  is  checked  by  the  more 
or  less  serious  injuries  caused  to  the  blood-forming  organs  by  the 
influence  of  the  toxins  from  the  processes  of  fermentation  and  decom- 
position. 

In  women  we  have,  to  complete  the  viscious  circle,  menorrhagia, 
which  has  been  shown  elsewhere  16  to  be  sometimes  due  to  the  para- 
lizing  effect  of  the  toxins  of  the  fermentations  and  decompositions 
on  the  uterine  vessels.  The  symptomatic  treatment  of  such  cases  of 
anemia  with  ferruginous  remedies  is  as  illogical  as  it  is  useless  and 
harmful,  as  I  have  shown  at  more  length  elsewhere.17  Only  the  dietary 
method  of  cure,  full  allowance  being  made  for  the  primary  disease, 
in  contradistinction  to  the  symptomatic  treatment,  can  result  in  the 
speedy  and  lasting  removal  of  the  primary  disease,  at  the  same  time 
putting  an  end  to  the  anemia  without  the  use  of  iron  preparations. 
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All  authorities  agree  in  attaching  the  greatest  importance  to  the 
dietetic  treatment  of  diabetes  mellitus.  This  treatment  is  here,  as 
in  gastric  disorders,  diarrhea  and  nephritis,  an  absolutely  unyield- 
ing necessity,  but  has  been  hitherto,  in  this  disease  as  in  the  gastric 
ailments,  built  up  to  some  extent  on  entirely  false  suppositions,  its  na- 
ture, its  causality,  not  having  hitherto  been  correctly  grasped.  I  have 
pointed  out  elsewhere18  that  the  cause  of  diabetes  mellitus  may  lie 
in  the  circumstance  that  the  parenchyma  of  the  liver,  owing  to  the 
damaging  action  of  the  toxins  from  the  fermentations  and  decomposi- 
tions, is  rendered  incapable  of  converting  the  levulose  of  the  blood  of 
the  vena  portae  into  glucose.  But  for  diabetes  to  appear  in  gastroen- 
teric fermentations  and  decompositions  there  must  of  necessity  exist  a 
weakness,  or  a  severely  reduced  resistance,  of  the  parenchyma  of  the 
liver,  exactly  analogous  to  the  producing  of  a  more  pronounced  toxic 
albuminuria  in  the  case  of  the  weakened  parenchyma  of  the  kidneys ; 
otherwise  every  case  of  fermentations  and  decompositions  existing 
over  a  long  period  would  show  diabetes  as  a  secondary  manifestation, 
which,  however,  is  by  no  means  the  case,  exactly  as  we  saw  in  the 
severe  albuminuria.  This  weakness  of  the  parenchyma  of  the  liver, 
as  in  the  case  of  the  renal  parenchyma,  may  be  inherited,  or,  as  the 
result  of  previous  disease,  particularly  syphilis,  or  other  ailments,  it 
may  be  acquired.  As  weighty  conditions  working  together  to  pro- 
duce diabetes  mellitus,  there  are  thus  two  contributory  causes  neces- 
sary, the  causa  disponens  and  the  causa  movens,  the  toxins  of  the 
fermentations  and  decompositions.  But  the  removal  of  the  causa 
movens  alone,  and  this  is  of  the  utmost  importance  for  the  treatment 
of  diabetes  mellitus,  is  sufficient  to  effect  a  cure  of  this  complication. 
The  causa  disponens,  however,  explains  the  tendency,  which  invari- 
ably remains  behind,  to  relapses  as  soon  as  the  causa  movens  again 
becomes  operative. 

In  this  way  is  given  also  the  distinction  so  exceedingly  important 
therapeutically  between  these  two  weighty  factors  in  the  etiology 
of  the  manifestations  of  disease,  and  of  the  diseases  themselves. 
Entirely  in  keeping  with  this  is  also  the  behavior  of  the  process  of 
sugar  excretion  in  the  urine;  it  disappears  entirely  with  the  correc- 
tion of  the  processes  of  fermentation  and  decomposition  in  the 
stomach  and  small  intestine,  to  appear  again,  however,  in  what  may 
almost  be  termed  absolute  conformity  with  the  law  of  cause  and 
effect,  directly  fermentations  and  decompositions  again  make  their 
appearance,  in  consequence  of  too  early  broadening  of  the  diet,  or  as 
a  result  of  mistakes  in  the  latter,  such  as  warmed-up  food,  etc.  We 
observe  this  immediate  reappearance  of  sugar  in  the  urine — and  this 
is  the  cardinal  point  in  the  therapy  of  diabetes  mellitus — just  so  long 
as  no  tolerance  of  fats  and  sugars  is  created  in  the  stomach.  The  im- 
possibility of  establishing  this  tolerance  in  the  stomach  (fortunately 
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a  very  rare  contingency)  entails  a  rigorous  dieting  for  the  remainder 
of  life.  My  careful  observations  of  severe  diabetes  cases  of  long 
standing,  which  have  become  more  numerous  since  my  previous  pub- 
lication,10 could  not  but  confirm  me  in  regarding  diabetes  mellitus 
simply  and  solely  as  a  disorder  of  the  parenchyma  of  the  liver  and 
its  functions  referred  to,  brought  about  by  the  toxic  action  of  gastro- 
enteric fermentations  and  decompositions  of  many  years'  standing; 
for  I  have  never  seen  a*. single  case  of  diabetes  mellitus  in  which  these 
processes  were  not  in  evidence  and  in  which,  simply  through  putting 
an  end  to  these  processes,  the  sugar  in  the  urine  was  not  speedily  and 
certainly  removed,  in  spite  of  an  entirely  unrestricted  administration 
of  amylaceous  foods,  even  after  10  to  15  years'  duration  of  the 
disease.  I  am  fully  convinced  that  with  this  I  have  discovered  a 
complete  solution  of  the  hitherto  unsolved  problem  of  a  certain  and 
permanent  cure  of  diabetes' mellitus,  that  grave  and  fateful  disorder, 
and  here,  too,  in  the  causal  therapy  which  alone  I  have  in  view. 
With  this,  diabetes  falls  from  its  position  as  an  independent  disease. 
The  causal  treatment  of  diabetes  is  the  more  important  that  the 
diabetes  diet  has  hitherto  been  only  symptomatic ;  it  was  a  diet  which 
many  patients  could  not  support,  one  under  which  they  lost  weight 
considerably,  the  abstaining  from  amylaceous  foods  being  the  most 
unpleasant  and  most  mistaken  sacrifice.  The  reason  for  the  emacia- 
tion was  that,  apart  from  the  continuance  of  the  toxic  influences,  the 
process  of  fat  resorption  and  meat  digestion  in  the  small  intestine 
were  severely  injured  by  the  primary  disease,  and  with  the  per- 
manence of  the  latter  could  not  but  remain  injured,  whilst  all  the 
other  causes  of  the  emaciation  already  mentioned  worked  on  un- 
abated. The  diet  hitherto  has  only  artificially  reduced  the  excretion 
of  sugar.  Furthermore,  owing  to  the  increased  amount  of  fats  given 
to  make  up  for  the  loss  of  calories  involved  in  the  cutting  off  of  carbo- 
hydrates, the  processes  of  fermentation  and  decomposition  were  only 
aggravated ;  and  as  precisely  the  products  resulting  from  the  decom- 
position of  fat  and  butter  are  the  most  dangerous  and  most  toxic  in 
their  action,  the  dangers  accompanying  the  effects  of  the  toxins  on 
the  body,  heart,  blood,  but  especially  the  entire  nervous  system,  were 
enhanced. 

Thus  there  was  achieved  the  exact  opposite  of  what  the  causal 
treatment,  accomplishes,  the  aim  of  which  is,  first  and  foremost,  the 
complete  removal  of  the  fermentations  and  decompositions,  the  relief 
of  the  grave  gastrointestinal  disease,  the  repairing  of  the  severe 
injuries  inflicted  by  the  latter  on  the  heart  and  the  cerebral  func- 
tions, and  which,  in  a  word,  strives  after  complete  recovery.  For 
this  reason  the  pronounced  neurasthenic  condition  of  diabetics  treated 
on  these  faulty  symptomatic  lines,  under  the  diet  hitherto  usual, 
remained  on,  as  also  the  insomnia  and  weakness,  the  patients  being 
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more  or  less  incapable  of  any  great  mental  or  physical  performance, 
retaining  their  cardiac  troubles  and  respiration  difficulties,  their 
profuse  sweats,  and  the  so  frequent  furunculosis  consequent  on  the 
severe  injury  of  the  bactericidal  function  of  the  small  intestine,  which 
not  infrequently  brought  with  it  grave  risks  for  the  sufferers.  The 
inclusion  of  green  vegetables  in  the  diabetes  diet  brought  with  it  the 
aggravation  of  the  diseased  condition  of  the  mucous  membrane  of  the 
stomach  and  small  intestine,  but  particularly  of  the  mucous  membrane 
of  the  large  intestine  with  its  lesions,  and  the  result  in  not  a  few 
cases  was  severe  diarrhea.  Owing  to  the  too  heavy  increase  of  meat 
foods,  the  functions  of  the  diseased  mucous  membrane  of  the  stomach 
and  small  intestine  were  overtasked,  while  the  entire  process  of 
assimilation,  already  suffering  heavily  under  the  effects  of  the  toxins 
of  the  fermentations  and  decompositions,  was  still  more  unfavorably 
influenced.  The  entire  gain  of  the  old  diabetes  diet,  the  suppression 
of  the  excretion  of  sugar  in  the  urine,  was  only  insignificant,  not  to 
say  illusory,  when  set  against,  the  serious  dangers  to  which  the 
permanence  of  the  fermentation  and  decomposition  processes  exposed 
the  whole  body,  and  which  led  finally  to  the  grave  issues  of  the  hith- 
erto incurable  disease.  Therefore  our  first  task  henceforth  must  be, 
not  the  removal  of  a  symptom,  the  excretion  of  sugar  in  the  urine  as 
result  of  the  seriously  injured  function  of  the  liver,  but  the  relief  of 
the  primary  disease,  the  removal  of  the  causa  movens.  But  the 
primary  disease  explains  to  us  of  itself  also  the  appearance  of  the 
other  severe  disturbances  in  diabetes  mellitus,  just  as  the  removal 
of  the  primary  disease  guarantees  of  itself  the  removal  at  the  same 
time  of  these  disturbances,  particularly  in  the  central  nervous  sys- 
tem, thus  giving  promise  of  complete  recovery,  an  achievement  to 
which  the  diet  in  vogue  hitherto,  being  altogether  faulty,  only  sym- 
tomatic,  adapted  only  to  a  disorder,  not  to  the  primary  disease,  could 
never  rise. 

Merely  for  the  sake  of  an  apparent  success,  the  primary  disease, 
hitherto  overlooked,  or  regarded  as  a  disorder  of  only  secondary 
importance,  with  all  its  dangers,  was  aggravated  by  the  sympto- 
matic, dietetic  treatment  of  the  diabetes  as  practiced  in  the  past,  for 
the  simple  reason  that  this  diet  was  a  contradiction  of  the  laws  of 
nature.  I  must  here  again  declare  myself  opposed  to  the  proposal 
that  has  been  made  in  other  quarters,  by  washing  out  the  stomach  to 
lessen  the  elimination  of  sugar  in  the  urine;  I  consider  this  procedure 
justified  only  once  and  that  in  coma  diabeticum,  in  order  to  effect  a 
cleansing  of  the  chief  center  of  the  fermentations  and  decomposi- 
tions, the  stomach,  and  to  counteract  the  poisoning  of  the  blood  by 
the  acetic  acid  and  fatty  acids.  But  then  must  commence  the  diet 
and  medication,  which  must  here,  too.  be  only  such  as  are  appropri- 
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ate  to  the  primary  disease.  The  mere  irrigation  of  the  stomach,  as 
already  stated,  can  never  remove,  permanently  and  completely,  the 
processes  of  fermentation  and  decomposition  in  the  stomach  and 
small  intestine;  this  can  follow  only  from  the  removal  of  the  dis- 
ease of  the  stomach  and  small  intestine  by  correct  dieting,  for  if  this 
diet  is  only  maintained  long  enough,  it  is  of  itself  able  to  render 
the  stomach  tolerant  of  fats  and  sugar,  a  condition  of  the  utmost 
importance  for  the  permanent  cure  of  diabetes,  and  to  restore  the 
stomach's  function  of  keeping  down  fermentations  and  decomposi- 
tions, neither  of  which  can  be  achieved  by  irrigations  of  the  stomach, 
which,  as  has  been  shown,  only  result  in  a  weakening  of  the  mucous 
membrane  of  the  stomach. 

A  very  special  consideration  and  appreciation  does  this  diet  merit 
in  cardiac  disorders  brought  on  by  gastric  ailments,  for  the  reason 
that  these  disorders,  without  the  diet  in  question,  under  the  methods 
of  treatment  of  the  past,  could  not  be  removed,  but  could  at  the  most 
be  only  ameliorated  for  a  time:  and  also  because  we  are  concerned 
here  with  an  extremely  important  organ.  First  of  all  must  be  men- 
tioned the  so-called  nervous  cardiac  disorders,  and  first  of  these  pal- 
pitation, with  or  without  some  more  closely  related  cause,  such  as 
excitement  or  overexertion,  then  also  angina  cordis,  tachycardia, 
arhythmia,  and  the  reflex  cardiac  pains,  all  of  which,  as  I  have  shown 
elsewhere,20  have  for  their  moving  cause  the  gastric  disease,  or  irrita- 
tions of  the  gastric  lesion.  Of  greatest  importance,  however,  is  this 
diet  for  the  treatment  of  cardiac  weakness  and  cardiac  dilatation, 
which,  as  shown  by  observations  recorded  during  the  past  25  years, 
are  due  simply  and  solely  to  the  toxic  effects  of  the  fermentation  and 
decomposition  processes  on  the  cardiac  muscle,  as  was  set  forth  in 
an  earlier  part  in  discussing  the  increase  of  the  heart  width  as  reli- 
able indicator  of  gastroenteric  fermentations  and  decompositions. 
Granting  strict  obedience  on  the  part  of  the  patient,  it  is  possible  in 
from  four  to  six  weeks  to  disperse  the  gravest  conditions  of  cardiac 
weakness  and  cardiac  dilatation,  as  long  of  course  as  the  cardiac  mus- 
cle is  involved  in  no  degenerative  processes.  Nowhere  does  the  mar- 
vellous recuperative  power  of  the  organism  arouse  our  wonder  to 
such  an  extent  as  in  the  case  of  the  heart,  when  we  see  cardiac  dila- 
tations, measuring  in  transverse  section  up  to  25  and  even  28  centi- 
meters, reduced  to  7  or  8  centimeters,  and  this  within  such  a  short 
space  of  time.  Hydro-therapeutics,  massage  cures  devoted  to  the 
heart,  or  other  therapeutic  or  medicinal  remedies  are  absolutely  un- 
necessary, even  disturbing,  for  the  removal  of  the  primary,  the  gastro- 
intestinal disease.  A  cardiac  weakness  which  had  sunk  to  9  or  10,  or 
even  lower,  on  Sahli's  manometer,  improved  at  once,  and  of  its  own 
accord.  In  these  cases  of  extreme  cardiac  weakness,  the  heart  regains 
in  four,  at  the  most  five,  weeks  its  normal  strength.     Arhythmia  also, 
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which,  according  to  observations  and  as  shown  elsewhere,  (1.  c),  is 
generally  a  result  and  symptom  of  the  exhausted  condition  and  severe 
atony  of  the  heart,  and  which  for  this  reason  imperatively  demands 
absolute  rest  of  body  and  mind,  disappears  in  time  spontaneously, 
and  the  frequency  of  the  pulse,  which  under  the  toxic  influence  of  the 
fermentations  and  decompositions  had  gradually  increased,  or  pre- 
sented the  type  of  bradycardia,  as  a  sign  of  the  exhaustion  of  the 
cardiac  muscle,  becomes  again  entirely  normal.  The  cessation  of 
accidental  murmurs,  which  are  by  no  means  uncommon  in  the  case 
of  more  extensive  cardiac  dilatations,  is  also  to  be  observed. 

A  fact  which  I  think  worthy  of  mention  is  that  cardiac  dilatations 
of  lesser,  even  those  of  medium  severity,  generally  remain  latent  (un- 
accompanied by  pain) ,  or  at  the  most  give  rise  at  times  to  palpitation, 
which  is  generally  regarded  as  of  nervous  origin.  These  cardiac 
dilatations  lead,  however,  to  premature  exhaustion  of  the  strength  of 
the  heart,  on  account  of  the  much  more  unfavorable  conditions  under 
which  it  works,  easily  explained  by  its  changed  plrysical  conditions. 
These  dilatations  unfold  their  gravest  dangers  in  narcosis,  in  inter- 
mittent feverish  illnesses,  particularly  in  pneumonia,  and  typhus, 
when  taking  cold  baths,  or  when  indulging  in  unusual  physical  ex- 
ertion, and  are  in  fact  the  cause  of  the  sudden  arrest  of  the  heart's 
action,  cardiac  paralysis,  following  on  severe  mental  shock,  or  on  the. 
overtasking  of  the  heart  already  referred  to.  Just  as  fateful  are  these 
cardiac  dilatations  in  complications  involving  a  permanent  over- 
straining of  the  heart,  such  as  arteriosclerosis,  contracted  kidney,  but 
above  all  in  the  presence  of  valvular  defects  of  the  heart,  for  the  rea- 
son that  under  these  conditions  failure  of  the  heart's  strength  sets  in 
much  quicker,  with  all  the  consequences  which  that  implies,  the  mani- 
festations of  passive  congestion,  oedema,  etc.  The  timely  discovery 
and  prompt  removal  of  what  is  the  weightiest  and  most  common 
cause  of  a  compensatory  disturbance  of  cardiac  defects,  in  atony  of 
the  heart  and  cardiac  dilatation,  following  on  fermentations  and  de- 
compositions of  the  stomach  and  small  intestines,  is  far  more  impor- 
tant, and  above  all  far  more  fruitful  of  result  than  all  the  medicinal 
treatment  of  valvular  defects  of  the  heart  with  digitalis  and  other 
medicaments.  Here,  too,  nothing  can  take  the  place  of  correct  diet, 
which  has  a  directly  life-saving  action;  for  the  increasing  of  the 
heart's  strength  and  removal  of  the  oedema,  the  reduction  of  the 
cardiac  dilatation,  and  with  this  the  return  of  favorable  conditions 
for  the  heart's  functions  (without  the  dispersion  of  the  fermentations 
and  decompositions),  by  the  usual  heart  remedies  alone,  is  de  facto 
an  impossibility,  as  a  great  number  of  most  careful  investigations 
have  shown.  No  one  has  hitherto  directed  attention  to  this  most  im- 
portant point  in  the  treatment  of  defects  of  the  cardiac  valves.    As 
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these  cardiac  remedies,  when  administered  through  the  stomach,  have 
generally  an  unfavorable  influence  on  the  functions  of  the  stomach, 
already  in  a  very  unstable  condition,  I  have,  during  the  past  10  years, 
more  and  more  discontinued  their  use,  even  in  severe  cases  of  com- 
pensatory disturbances. 

In  taking  this  course,  the  results  obtained,  in  cases  which  had  been 
treated  elsewhere  for  a  long  time  in  vain  without  consideration  of 
the  gastroenteric  fermentations  and  decompositions,  have  convinced 
me  that  compensatory  disturbances,  the  incompetency  of  the  cardiac 
muscle  in  defects  of  the  heart,  owes  its  origin  always  to  the  associated 
disease  of  the  gastrointestinal  canal,  that  is  to  say,  to  the  fermentations 
and  decompositions  taking  place  there,  and  that  with  the  dispersion 
of  these  processes  the  cardiac  defect  at  once  falls  back  into  its  latent 
condition,  in  which  it  causes  no  inconvenience — this  of  course  so 
long  as  no  degenerative  processes  are  in  evidence.  I  have  found, 
moreover,  that  the  impulse  to  these  compensatory  disturbances  of 
valvular  defects  of  the  heart  is  given  to  a  very  great  extent  by  infec- 
tious diseases,  particularly  by  influenza,  on  account  of  the  severe 
injuries  which  it  inflicts  on  the  functions  of  the  stomach,  also  of 
course  by  alcoholic  excesses,  and  by  serious  mistakes  in  diet.  So 
long  as  no  degenerative  processes  of  the  cardiac  muscle  are  at  work, 
the  dispersion  of  the  gastric  fermentations  and  decompositions  allows 
of  the  complete  removal  also  of  cardiac  dropsy,  and  observations 
show  that  arteriosclerosis  and  advanced  age  prove  here  no  hindrance. 
Of  great  importance,  too,  is  the  prompt  treatment  of  gastric  dilatations 
of  the  heart,  particularly  in  the  presence  of  valvular  defects,  in  order 
to  prevent  the  degeneration  of  the  cardiac  muscle,  in  which  other 
factors,  such  as  exhaustion  of  the  cardiac  muscle,  alcohol,  syphilis, 
etc.,  play  a  part.  On  account  of  the  influence  of  the  toxins  of  the  fer- 
mentations and  decompositions  on  the  atony  of  the  vascular  mus- 
cular apparatus  already  alluded  to,  which  atony  manifests  itself, 
besides,  in  the  complaints  of  cold  hands  and  feet,  also  in  a  tendency 
to  chilblains,  etc.,  the  cases  of  menorrhagia,  so  frequent  in  gastro- 
intestinal diseases,  become  susceptible  to  a  dietary  treatment,  assum- 
ing of  course  that  they  are  not  conditioned  by  local  affections. 

As  patients  so  very  often  suffer  at  the  same  time  from  gastrointesti- 
nal disease  and  also  arteriosclerosis,  on  account  of  the  frequent  occur- 
rence of  these  troubles,  it  is  exceedingly  difficult  to  say,  in  the  lack 
of  success  attending  the  treatment  of  arteriosclerosis,  in  contradis- 
tinction to  almost  all  the  complications  already  mentioned,  whether 
there  exists  a  causal  connection  between  these  two  diseases.  It  should 
not  be  overlooked  that  we  very  frequently  meet  with  arteriosclerosis 
in  persons  suffering  from  gastric  complaints  unusually  early,  between 
the  ages  of  30  and  40,  also  in  women,  in  whose  case  alcoholism  and  to- 
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bacco  have  only  exceptionally,  and  syphilis  still  less  frequently,  to 
be  reckoned  with.  According  to  investigations  extending  over  many 
years,  the  toxins  of  fermentations  and  decompositions  can  not  con- 
stitute the  causa  movens  of  degenerative  processes  in  the  organs.  I 
do  not,  however,  for  one  moment  question  that  they  weaken  the  re- 
sistance of  the  organs,  and  thus  create,  for  other  toxins  with  de- 
generative action,  and  in  the  circulatory  apparatus  for  the  effect  of 
overexertion,  a  causa  disponens  for  degenerative  processes.  In  this 
respect  a  strict  dieting  and  the  abstaining  from  overexertion  of  the 
body  are  of  exceedingly  great  prophylactic  importance  in  arterio- 
sclerosis, and,  where  the  latter  has  once  set  in,  for  the  prevention  of 
the  too  speedy  progress  of  this  degeneration,  which  is,  and  will  re- 
main, inaccessible  to  all  other  treatment. 

With  regard  to  the  lungs,  there  comes  in  question  the  dietetic  treat- 
ment of  asthma,  so  far  as  it  is  conditional  on  cardiac  dilatation,  a 
matter  which  I  have  already  dealt  with  elsewhere.21  This  cardiac 
dyspncea  disappears  just  as  quickly  as  does  the  cardiac  dilatation 
itself.  Here,  too,  arteriosclerosis  and  advanced  age  are  no  obstacle 
to  the  success  of  dietary  treatment  just  as  long  as  there  is  no  degen- 
eration of  the  cardiac  muscle.  In  severe  cases,  with  combined  old 
age,  arteriosclerosis,  toxic  albuminuria,  and  to  a  certain  extent  also 
albuminuria  due  to  passive  congestion,  oedema  and  ascites  were  ob- 
served, which,  nevertheless,  under  dietetic  treatment,  with  medicines 
checking  fermentation,  disappeared  of  their  own  accord.  Accidental 
complications  with  emphysema  of  the  lungs,  diffuse  bronchitis,  may 
render  the  dyspnoea  unusually  distressing,  the  latter,  however,  im- 
proving considerably  with  the  removal  of  the  gastric  cardiac  dilata- 
tion and  cardiac  weakness  by  means  of  a  correct  dietary  treatment,  so 
that  here,  also,  this  treatment  may  prove  a  veritable  boon.  In  the 
work  referred  to  (1.  c.)  I  discussed  also  the  removal,  by  healing  the 
gastric  lesion,  of  angina  pectoris,  of  difficult  respiration  in  the  pres- 
ence of  high-seated  gastric  lesions,  and  the  manifestations  of  irrita- 
tion in  the  region  of  the  lungs,  to  all  of  which  gastric  lesions,  by 
reflex  action,  may  give  the  moving  cause. 

Of  far  greater  importance  is  the  relation  of  the  diseases  of  the 
gastrointestinal  canal  to  the  etiology  of  tuberculosis,  particularly 
pulmonary  tuberculosis.  I  have  for  25  years  closely  investigated 
this  relation,  and  collected  copious  material,  which  it  is  my  intention 
shortly  to  publish.  I  wish  to  sum  up  in  the  following  axioms  the 
more  important  results  of  these  studies,  as  they  are  of  particular 
importance  for  the  prophylaxis  of  manifest  pulmonary  tuberculosis, 
and  for  this  reason  may  deserve  mention  at  this  congress. 

(1)  In  all  these  25  years,  out  of  a  vast  number  of  cases,  I  have 
not  seen  a  single  case  of  manifest  pulmonary  tuberculosis  (that  is  to 
say,  tuberculosis  associated  with  disintegration  of  the  lungs  follow- 
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ing  on  mixed  infection)  in  which  there  was  not  present  extensive 
disease  of  the  gastrointestinal  canal,  which,  by  careful  examination, 
usually  shows  itself  far  better  during  life  than  on  the  dissecting 
table.  This  disease  included  almost  always  gastric  lesion,  invariably 
gastrointestinal  fermentation  and  decomposition  processes  of  long 
standing,  with  generally  extensive  injury  of  the  functions  of  the  small 
intestine,  particularly  extensive  injury  of  its  bactericidal  function, 
injury  of  the  functions  of  the  large  intestine,  with,  very  frequently, 
lesions  of  the  latter,  furthermore  coincident  dilatation  and  weakness 
of  the  heart,  and,  going  parallel  with  the  latter,  enlargement  and 
atony  of  the  digestive  tract.  Side  by  side  with  the  generally  latent 
lesions  of  the  large  intestine,  and  with  the  latent  appendicitis,  there 
was  frequently  also  tendency  to  diarrhoea,  and  that  in  all  its  grades 
up  to  the  severest  forms  of  this  complaint.  I  can  therefore  de  facto 
not  conceive  a  pulmonary  tuberculosis  unaccompanied  by  the  more 
or  less  serious  changes  in  the  digestive  tract  referred  to. 

(2)  By  careful  interrogation  of  the  patient  I  have  always  been 
able  to  establish  the  fact  that  in  a  gastric  lesion  the  reflex  manifesta- 
tions of  the  latter,  as  early  symptoms  of  the  lesion,  made  their  ap- 
pearance much  sooner  than  the  signs  of  the  manifest  pulmonary 
tuberculosis;  that  these  manifestations  had  been  in  evidence  as  early 
as  in  the  school  days,  and  that  the  manifestations  of  the  gastric  fer- 
mentation and  decomposition  processes,  as  bearing  on  the  motor  func- 
tion of  the  intestine,  on  the  cardiac  function,  the  cerebral  functions, 
and  furthermore,  the  secondary  anaemias,  emaciation  and  under- 
weight, also  invariably  preceded  the  appearance  of  the  manifest 
pulmonary  tuberculosis.  Furthermore,  examination  of  the  feces 
showed  that  the  functions  of  the  small  and  large  intestines,  and  the 
connective  tissue  digestion,  were  always  injured  in  a  manner  such  as 
is  met  with  only  in  gastrointestinal  ailments  dating  back  to  the 
years  of  childhood.  All  these  are  manifestations  of  disease  which  in- 
dicate to  the  observant  investigator  the  presence  of  (latent)  gastro- 
intestinal disease,  which,  promptly  removed,  together  with  the 
primary  disease  in  childhood,  would  prevent  the  outbreak  of  the 
manifest  tuberculosis.  The  timely  recognition  of  these  manifesta- 
tions of  disease,  and  their  prompt  removal,  would  constitute  the  most 
effective  weapons  with  which  to  combat  the  outbreak  of  manifest 
tuberculosis. 

(3)  Manifest  tuberculosis  will  result  generally  when  the  gastro- 
intestinal disease  present  is  aggravated  by  severe  injuries  or  when 
there  is  a  relapse  of  a  gastrointestinal  disease  which  had  subsided. 
Particularly  frequently  does  influenza  inflict  injury  on  the  gastro- 
intestinal disease,  as  already  mentioned,  both  by  its  effect  on  the 
gastric  lesion,  and  also  in  respect  to  the  accentuation  of  the  ferment  a- 
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tions  and  decompositions,  and  it  is  these  grave  injuries  which  then, 
analagous  to  the  compensatory  disturbances  in  defects  of  the  cardiac 
valves,  give  the  first  impulse  to  the  outbreak  of  manifest  pulmonary 
tuberculosis  whereby,  of  course,  also  the  injuries  which  the  influenza 
inflicts  on  the  lungs  cooperate.  A  similar  action  is  observed  in 
measles  and  whooping  cough.  Moreover,  the  hemorrhage  of  a  latent 
tuberculous  focus  of  the  lungs  or  the  perforation  of  such  a  subpleural 
focus  into  the  pleural  cavity  or  the  encroaching  of  the  inflammation 
of  such  foci  on  the  pleura  and  the  pleurisy  to  which  this  encroach- 
ment gives  the  moving  cause,  so  common  in  latent  gastric  diseases, 
may  all  conduce  to  the  outbreak  of  the  manifest  tuberculosis. 

(4)  All  patients  with  gastrointestinal  complaints  exhibited  with- 
out a  single  exception  residues  of  subsided  tuberculous  disease  of  the 
lungs,  i.  e.,  centers  of  thickening,  and  a  great  number  of  these 
patients — at  a  rough  estimate  96  per  cent — had  also  foci  of  latent 
pulmonary  tuberculosis,  with  the  characteristic  reactions  to  tuber- 
culin in  the  cases  where  these  could  be  undertaken. 

(5)  In  all  cases  of  latent  pulmonary  tuberculosis  the  catarrhal 
manifestations  of  the  latter  invariably  improved  immediately  the 
gastrointestinal  fermentations  and  decompositions  were  removed  and, 
with  the  healing  of  the  gastrointestinal  disease,  were  also  completely 
healed  whenever  these  cases  could  be  long  enough  controlled. 

(6)  It  was  established  that  in  cases  of  commencing  manifest  pul- 
monary tuberculosis,  in  spite  of  preceding  hemorrhage  of  the  lungs, 
and  even  here  and  there  in  spite  of  the  presence  of  mixed  infection 
and  fever,  although  not  of  long  standing,  the  manifest  pulmonary 
tuberculosis  was  arrested  and  finally  completely  cured  as  soon  as  the 
gastrointestinal  disease  was  removed.  At  the  same  time  an  increase 
of  body  weight  set  in,  although  generally  very  slowly,  but  at  least 
the  further  progress  of  the  emaciation  was  prevented,  in  which 
latter  cases  the  injuries  to  the  functions  of  the  stomach  and  small 
intestine,  resulting  from  the  fermentations  and  decompositions  exist- 
ing since  childhood,  and  probably  also  the  injury  of  the  synthetic 
functions  of  the  mucous  membrane  of  the  digestive  canal,  were  too 
severe  to  allow  at  that  stage  of  an  increase  of  body  weight. 

(7)  In  the  cases  with  cavities  and  disintegration  of  the  lungs  there 
was  possibly  neither  an  improvement  of  the  pulmonary  disease  nor 
a  complete  cure  of  the  gastrointestinal  trouble,  only  at  the  most  some 
improvement  of  the  latter  by  dietary  treatment.  Nothing  can  then 
be  hoped  for  from  a  dietetic  treatment  of  the  primary  complaint,  and 
least  of  all  from  a  treatment  by  medicaments  of  the  gastrointestinal 
disease.  Against  the  latter  method  of  treatment  here  I  can  not  warn 
too  strongly,  unless  it  should  be  necessitated  by  diarrhea.  To  what 
extent  a  dietary  treatment  is  called  for  depends  entirely  upon  the 
degree  of  the  fermentation  and  decomposition  processes  and  of  the 


PlBnles.]  DIET   AND   DISEASE.  517 

disturbances  dependent  upon  them;  also  upon  the  local  troubles  of 
the  primary  disease,  taking  into  consideration  the  condition  of  mal- 
nutrition. 

(8)  By  careful  examination  of  patients  of  all  ages  the  fact  could 
be  established  that  the  first  tuberculous  infection  of  the  lungs,  and 
thus  their  induration,  must  take  place  in  earliest  childhood,  in  the 
first  or  second  year,  to  which  result,  I  believe,  other  investigators  have 
also  come. 

(9)  The  intensity  of  this  infection  of  the  lungs,  and  so  the  extent 
of  the  foci  of  the  diseased  lungs,  in  this  early  age  is,  according  to  my 
careful  investigations,  simply  and  solely  dependent  upon  the  manner 
of  feeding,  upon  the  severity  of  the  gastrointestinal  disorders,  due  to 
improper  feeding,  or  to  foolish  mistakes  in  diet  after  the  child 
has  been  weaned.  This  is  in  such  strict  accordance  with  laws  that 
from  the  extent  of  the  pulmonary  indurations  found  in  patients  in 
their  later  years  may  be  concluded  with  almost  absolute  certainty 
whether,  and  for  how  long,  the  patient  in  question. was  suckled  in  his 
first  year,  but  especially  whether  more  or  less  severe  gastric  disease 
had  been  present  in  the  first  or  second  year.  The  fact  that  all  chil- 
dren artificially  fed  in  the  first  year,  or  after  having  been  fed  at  the 
breast,  in  consequence  of  an  irrational  diet,  in  which  sugar  particu- 
larly plays  a  most  harmful  part,  suffer  in  the  second  year  for  the  first 
time  from  gastric  complaints,  is  alone  sufficient  to  explain  the  fact 
of  the  first  tuberculous  infection  constantly  occurring  at  this  age.  I 
have  also  been  able  to  determine  at  this  age,  by  careful  examination  of 
the  lungs  during  the  course  of  the  gastric  disease,  a  more  extensive 
pulmonary  affection,  manifesting  itself  in  fine  rales,  in  a  shorter 
sound  in  the  upper  region  of  the  lungs,  and  in  light  feverish 
symptoms. 

(10)  At  this  first  invasion  of  the  lungs  those  parts  of  the  lungs, 
as  is  known,  suffer  the  most  extensively  and  most  severely  in  which 
the  respiratory  movements  of  the  thorax  are  least.  The  internal  respi- 
ration of  the  blood  has  a  decidedly  hindering  effect  on  the  extension 
and  the  intensity  of  the  infection  with  tubercle  bacilli.  For  this 
ieason,  (a)  both  the  apices  of  the  lungs  and  (b)  those  parts  of  the 
lungs  under  the  scapulae,  especially  the  axillary  portions,  are  in- 
variably affected;  (c)  the  tuberculous  pulmonary  changes  on  both 
sides,  as  records  show,  are  never  equally  extensive.  This  is  due  solely 
to  the  fact  that  (d)  the  side  most  affected  is  invariably  the  one  on 
which  the  child  is  accustomed  to  sleep.  From  the  predominating  of 
the  pulmonary  changes  on  one  side  we  can  always  safely  venture  on 
the  conclusion  on  which  side  the  patient  in  question  had  been  accus- 
tomed from  childhood  to  sleep. 

(11)  This  first  infection  of  the  lungs  with  tubercle  bacilli  may, 
parallel  with  the  healing  or  the  ameliorating  of  the  gastric  complaint 
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in  the  first  or  second  year  of  age,  take  on  a  considerable  improve- 
ment, following  on  the  well-known  cicatrised  thickenings,  but  are 
only  exceptionally  entirely  healed;  the  records  of  careful  investiga- 
tions show  that,  in  individuals  of  all  ages,  almost  invariably,  at  all 
events  in  the  case  of  patients  with  gastric  or  gastrointestinal  com- 
plaints, there  remain  behind  more  or  less  extensive  foci,  particularly 
in  the  upper  scapular  regions.  These  are  the  latent  tuberculous 
foci,  with  more  or  less  pronounced  catarrhal  symptoms  in  keeping 
with  the  auscultatory  result,  whereby  the  patient  is  not  troubled  by 
coughing,  is  not  sensible  of  any  manifestations  of  disease  that  would 
allow  us  with  certainty  to  assume  the  continuance  of  the  tuberculous 
processes.  Side  by  side  with  this  we  find  very  frequently  the  so- 
called  nervous  disorders  already  mentioned,  anemia  or  malnutri- 
tion, change  of  complexion,  varying  feeling  of  strength,  and  other 
indications,  which  all  point  in  childhood  and  the  years  of  develop- 
ment to  the  presence  of  latent  gastrointestinal  disease. 

(12)  As  favoring  the  transition  from  latent  to  manifest  tubercu- 
losis, there  invariably  operates  an  hereditary  predisposition,  with 
which,  however,  invariably  goes  side  by  side  an  hereditary  predisposi- 
tion to  gastrointestinal  disease,  particularly  where  we  have  hereditary 
predisposition  on  the  maternal  side,  on  account  of  the  incapacity  of 
such  mothers  as  a  rule  to  suckle  (breastfeed)  their  children.  A  fur- 
ther predisposing  influence  is  exerted  by  the  everywhere  well-known 
unfavorable  social  and  hygienic  conditions,  particularly  those  con- 
nected with  the  occupation,  which  exert  also  an  unfavorable  in- 
fluence on  the  gastrointestinal  disease  present  at  the  same  time,  and 
furthermore  by  other  weakening  diseases,  which  invariably  also  at 
the  same  time  aggravate  the  gastrointestinal  complaint.  It  is  to 
these  factors  that  is  to  be  ascribed  the  fact  that  pulmonary  tubercu- 
losis becomes  manifest  particularly  in  youth  (the  years  of  develop- 
ment) .  After  all  my  observations,  however,  and  in  spite  of  the  pres- 
ence of  hereditary  predisposition  and  the  hygienic  and  social  in- 
fluences alluded  to,  I  regard  the  simultaneous  cooperation  of  gastro- 
intestinal disease  as  the  causa  movens  of  this  transition  to  manifest 
tuberculosis  as  essential. 

(13)  The  extraordinary  intimate  association  of  two  diseases,  the 
gastrointestinal  disease  and  the  pulmonary  tuberculosis — another 
such  is  not  known  to  me — can  only  be  explained  by  the  fact  that,  on 
account  of  the  temporary  or  even  permanent  destruction  of  the 
bactericidal  function  of  the  small  intestine  in  earliest  childhood, 
an  invasion  of  tubercle  bacilli  through  the  diseased  intestine  is 
rendered  possible,  or  that,  owing  to  the  excretion  of  the  gaseous 
toxic  products  from  the  fermentation  and  decomposition  processes, 
which,  as  has  been  shown  elsewhere,22  takes  place  for  the  most  part 
through  the  lungs,  but  also  owing  to  the  toxins  of  these  processes 
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circulating  in  the  blood,  the  power  of  the  lungs  to  repel  an  invasion 
of  tubercle  bacilli  through  the  air  passages  is  for  a  time  suspended. 
It  is  possible,  however,  that  both  factors  favor  at  one  and  the  same 
time  an  invasion  of  the  lungs.  For  these  factors  there  speaks  the 
persistence  of  the  latent  tuberculosis  in  patients  suffering  from  gas- 
trointestinal complaints  with  fermentation  and  decomposition  proc- 
esses, as  also  particularly  the  extinguishing  of  foci  of  latent  tuber- 
culosis with  the  healing  of  the  gastrointestinal  disease,  the  increas- 
ing of  the  catarrhal  manifestations  of  latent  tuberculosis  coincident 
with  the  aggravation  of  the  fermentations  and  decompositions  re- 
sultant on  errors  of  diet  during  the  treatment,  and  furthermore,  the 
very  favorable  influence  of  the  healing  of  the  gastrointestinal  disease 
on  the  commencing  manifest  pulmonary  tuberculosis.  Furthermore, 
a  certain  parallelism  of  the  lesions  of  the  large  intestine  with  the 
latent  tuberculous  foci  forces  itself  upon  the  attention  of  the  ob- 
servant investigator. 

(14)  The  mixed  infection  in  manifest  tuberculosis,  everywhere 
recognized  as  a  most  dangerous  issue  for  the  rapid  destruction  of  the 
lungs,  is  probably  also  due  to  the  destruction  of  the  bactericidal 
function  of  the  small  intestine  to  some  extent  at  least.  It  is  probably 
analogous  to  the  furunculosis  of  the  skin  in  diabetes  mellitus,  already 
alluded  to?  consequent  on  the  destruction  of  the  bactericidal  func- 
tion of  the  small  intestine  and  the  immigration  of  pathogenic  bac- 
teria in  the  skin.  On  the  other  hand,  the  causal  dependence  of  dia- 
betes on  the  fermantation  and  decomposition  processes  of  the  stomach 
and  small  intestine  already  dealt  with,  explains  the  so  frequently 
observed  issue  of  diabetes  in  pulmonary  tuberculosis. 

From  all  these  observations,  experiences,  and  results  we  see  both 
the  extraordinary  importance  of  correct  dietetic  treatment  for  the 
healing  of  latent  and  of  commencing  manifest  pulmonary  tuber- 
culosis, as  also  particularly  the  great  importance  of  this  dietary 
treatment  in  earliest  childhood  for  the  exceedingly  important  pro- 
phylaxis of  a  later  issue  of  the  latent  tuberculosis  in  manifest 
tuberculosis,  as  also  for  the  prophylaxis  of  a  tuberculous  infection 
in  general.  As  the  one  and  only  correct  food  and  diet  in  the  first 
year  of  life  is  the  child's  natural  food  as  provided  by  nature,  the 
best  protection  against  tuberculosis  will  be  afforded  by  the  suckling 
of  the  child  till  the  completion  of  the  first  year,  and  then  by  correct, 
rational,  most  cautious  feeding  in  the  following  years,  that  is  to  say, 
such  as  aims  at  keeping  away  fermentations  and  decompositions  and 
gastrointestinal  disease  in  general,  as  also  by  a  careful  transition  to  the 
ordinary  diet.  Through  this,  not  only  shall  we  prevent,  as  far  as  in 
us  lies,  the  invasion  of  the  infantile  body  by  tubercle  bacilli,  but 
we  shall  also  create,  in  the  strengthening  and  maturing  of  the  child's 
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gastrointestinal  canal,  an  effective  protection  against  the  primary 
ailment — the  gastrointestinal  disease.  The  instructing  of  the  people 
by  means  of  pamphlets  distributed  at  the  time  of  marriage  empha- 
sizes already  the  vast  importance  of  suckling;  instruction  should, 
however,  be  given  also — and  this  is  almost  of  equal  importance — 
with  regard  to  the  correct  feeding  and  rearing  of  the  child  during 
the  next  two  to  three  years,  with  a  view  to  the  prevention  of  gastro- 
intestinal complaints.  A  careful  watching  over  the  gastrointesti- 
nal canal  in  the  later  years  of  childhood,  the  immediate  and  proper 
treatment  of  even  trifling  gastrointestinal  disorders,  the  correct  in- 
terpretation of  anaemia,  of  the  reflex  irritation  symptoms  of  latent 
gastrointestinal  disease  on  the  part  of  the  physician,  to  emphasize 
this  once  again,  the  removal  of  latent  gastrointestinal  disease  dur- 
ing the  years  of  childhood  are,  then,  just  as  important  for  the  pro- 
phylaxis of  manifest  pulmonary  tuberculosis  as  are  the  selection  of 
a  suitable  calling,  gymnastics  of  the  lungs,  singing — in  a  word,  the 
increased  exercise  of  the  lungs.  Also  in  tuberculosis  of  the  lymphatic 
glands,  the  scrofula  of  children,  an  important  part  is  played  by 
the  gastrointestinal  disease  always  present,  at  the  same  time  the  early 
dental  caries  almost  always  present,  as  also  the  infection  of  the 
lymphatic  glands  with  tubercle  bacilli  proceeding  from  carious 
teeth.  Here,  too,  the  most  fruitful  soil  for  the  thriving  of  the 
tubercle  bacilli  is  afforded  by  the  malnutrition,  the  anaemia,  the  re- 
duced power  of  resistance  consequent  on  the  gastrointestinal  disease, 
but  also  certainly  by  the  altered  mixture  of  the  fluids  of  the  body 
due  to  the  toxins  of  the  fermentation  and  decomposition  processes 
of  the  gastrointestinal  canal.  I  wish  to  mention  also  that  the  good 
results  which  have  hitherto  been  obtained  empirically  from  rest  cures 
in  the  treatment  of  tuberculosis  in  my  opinion  are  chiefly  due  to  the 
fact  that  these  rest  cures  benefit  first  and  foremost  the  primary  dis- 
ease— the  gastrointestinal  ailment — whilst  for  the  healing  of  any  in- 
significant remains  of  latent  tuberculosis,  after  the  healing  of  the 
gastrointestinal  disease,  just  the  aforementioned  increased  movements 
of  the  lungs  are  of  the  greatest  advantage,  as  the  records  of  investi- 
gations show. 

Of  great  importance  is  the  diet,  further,  for  the  removal  of 
migraine,  headaches,  so  far  as  they  are  dependent  on  irritations  of 
a  gastric  lesion,  vertigo,  and  all  the  other  often  tormenting  reflex 
manifestations  of  gastric  lesions,  especially  in  the  domain  of  the 
sight,  hearing,  etc.,  as  described  at  length  elsewhere.23  I  wish  once 
again  to  refer  to  the  injuries  resulting  from  the  symptomatic  treat- 
ment of  these  extraordinarily  common  complaints  that  has  been  prac- 
ticed hitherto,  a  treatment  which  can  only  temporarily  alleviate  or 
suppress,  but  which  can  never  effect  the  permanent  cure  possible  to 
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the  causal  treatment,  seeing  that  the  cause  always  continues  to  work 
on,  whereas  the  causal  treatment  removes  the  cause.  I  wish  to  draw 
attention  to  the  injuries  which  must  result  from  the  medicinal, 
symptomatic  treatment  of  the  past,  owing  to  the  importation  of 
foreign  substances  which  are  by  no  means  indifferent  for  our  metab- 
olism, to  the  injurious  effects  which  these  substances  must  have  on 
the  primary  disease,  the  gastrointestinal  disease  itself,  which  they 
generally  aggravate  instead  of  mend.  But  above  all  I  wish  to  point 
out  that,  through  the  one-sided  treatment  of  a  symptom,  all  the 
grave  injuries  which  the  primary  disease  inflicts  upon  the  rest  of 
the  body  are  left  out  of  consideration  in  the  scheme  of  cure.  This 
constitutes  the  most  dangerous  feature  of  a  symptomatic  treatment 
when  we  have  to  do  with  so  serious  a  disease,  which,  as  in  the  case 
of  gastrointestinal  disease,  extends  its  harmful  influence  over  the 
entire  body. 

This  diet  is,  moreover,  of  exceedingly  great  importance  for  the 
treatment  and  removal  of  morbus  basedowii,  of  which  the  primary 
disease,  in  all  the  cases  that  have  come  under  my  treatment,  was  a 
lesion  of  the  stomach,  with  consecutive  disease  of  the  intestinal  canal 
consequent  on  the  advancing  fermentation  and  decomposition  proc- 
esses. The  severe  atony  of  the  heart  and  cardiac  dilatation,  the 
tachycardia,  sleeplessness,  prominence  of  the  bulbi,  the  changes  of 
the  thyroid  gland,  so  far  as  these  are  not  conditional  on  self-sub- 
sisting independent  disease  of  the  latter,  and  the  other  symptoms, 
disappear  quickly  and  completely.  It  may  be  that  here,  too,  as  in 
the  case  of  diabetes  mellitus,  there  is  present  also  a  functional  dis- 
turbance of  the  thyroid  gland  under  the  toxic  influence  of  the  fer- 
mentation and  decomposition  processes,  which  gives  to  the  aspect 
of  the  disease  these  peculiar  characteristic  variations.  I  can  here 
only  warn  against  forced  alimentation  with  its  injurious  action 
already  alluded  to,  above  all  against  the  use  of  thyroid  gland  prepa- 
rations, the  internal  use  of  iodine  preparations  so  fateful  for  the 
gastrointestinal  disease,  as  also  against  surgical  interference,  so  long 
as  no  tracheal  troubles  are  present.  The  causal  treatment,  i.  e.,  the 
treatment  of  the  gastrointestinal  disease,  the  rest  treatment,  so  indis- 
pensable both  for  the  primary  disease  and  the  cardiac  complications, 
are  entirely  sufficient  to  bring  about  a  cure. 

In  another  extensive  and  not  less  important  domain,  that  of  the 
disturbances  of  the  cerebral  functions,  and  of  certain  psychical  dis- 
turbances, so  far  as  these,  as  discussed  elsewhere,  have  their  causa 
movens  in  gastric  or  gastrointestinal  disease,  the  dietetic  treatment 
is  indispensable.  The  latter  is  more  important  than  all  medicinal,  all 
physical  symptomatic  treatment.  With  reference  first  of  all  to 
neurasthenia,24  I  can  under  no  circumstances  regard  this  exactly,  as 
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in  the  case  of  anemia,  as  a  self-subsisting  ailment.  It  is  always  a 
result  of  more  or  less  severe  toxic  conditions,  and  its  degree  is  for 
the  most  part  dependent  on  the  intensity  of  the  toxic  factor,  but 
also  on  the  highly  important  causa  disponens,  the  hereditary  validity 
and  power  of  resistance  of  the  nervous  system.  The  whole  founda- 
tion aim  of  our  therapeutics  here  is  to  fathom  the  cause  of  the  toxic 
changes,  and,  where  possible,  to  remove  them,  but  not  to  combat 
the  neurasthenia,  as  has  hitherto  been  done,  symptomatically,  which 
is  like  trying  to  empty  a  river  with  a  pail,  and  which  on  logical 
grounds  must  be  unavailing.  Every  case  of  neurasthenia  in  which 
even  a  trifling  cardiac  dilatation  and  the  already  described  parallel- 
ism of  stomach  and  colon  dilatation  can  be  discovered  as  reliable 
indicator  of  gastroenteric  toxic  action  must  not  be  otherwise  treated 
dietetically  than  the  primary  disease  itself,  the  gastric  or  gastro- 
intestinal disease.  Bodily  rest,  this  extraordinarily  weighty  factor 
in  the  treatment  of  the  primary  disease,  is  also  in  neurasthenia,  as  is 
well  known,  of  greatest  importance,  also  inasmuch  as  the  products 
of  metabolism  exert  a  decidedly  intensifying  influence  on  the 
heightened  psychic  motor  and  reflex  excitability;  but  also  mental 
rest,  as  is  generally  recognized,  is  of  not  less  importance.  All  excite- 
ment, mental  shock,  as  has  been  shown  elsewhere,25  has  an  aggravat- 
ing influence  on  the  primary  disease,  on  the  gastric  lesions,  as  also 
on  the  fermentations  and  decompositions  of  the  stomach  and  small 
intestine,  and,  further,  as  is  well  known,  accentuates  the  neurasthenia. 
Allusion  has  been  made  elsewhere 26  also  to  the  heightened  motor  ex- 
citability, as  it  shows  itself  in  gastric  diseases  in  the  cardiac  muscle, 
in  the  symptom  of  twitching,  with  or  without  the  sensation  of  fall- 
ing, and  in  a  lesser  degree  in  the  twitching  of  single  muscles,  espe- 
cially in  the  region  of  the  N.  facialis  and  the  motor  branch  of  the 
N.  trigeminus.  This  heightened  motor  excitability,  likewise  due  to 
gastroenteric  toxins,  has  great  casual  significance  in  epilepsy  and 
chorea,  which  also  on  this  account  become  susceptible  to  a  dietetic 
treatment,  particularly  with  a  view  to  checking  the  seizures  in  epi- 
lepsy. The  dietary  treatment,  which  here  especially  must  uncondi- 
tionally be  supported  by  bodily,  and  above  all  psychic,  repose,  is  far 
more  important  than  the  treatment  of  epilepsy  with  bromine  medica- 
ments. 

All  these  unfortunately  only  accentuate  the  fermentation  and 
decomposition  processes  in  the  stomach  by  injuring  the  chemical 
gastric  functions  and,  indeed,  by  long  use  actually  give  rise  to  these 
processes  where  they  are  not  yet  present,  by  weakening  the  stomach's 
tolerance  of  fats,  and  therefore  of  milk  and  eggs,  also  of  sugar  and 
all  foods  containing  sugar.  I  am,  however,  convinced  from  careful 
observations  and  therapeutic  results  that  the  causa  movens  of  epilep- 
tic seizures  is  not  infrequently  given  by  centripetal  irritations  of  the 
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stomach  lesion  when,  owing  to  hereditary  predisposition  and  other 
influences,  there  exist  greatly  weakened  resistence  in  the  subcortical 
strata  of  the  brain.  There  frequently  exist  then  concurrently 
psychic  disturbances,  which  will  be  gone  into  later,  arising  from  the 
same  predisposition  (vide  Strumpel's  Psychasthenic),  the  moving 
cause  of  which  lies  in  centripetal  irritations  of  the  stomach  lesion. 
Where,  therefore,  there  is  heightened  excitability,  whether  psychic 
or  motor,  the  removal  of  the  cause,  in  other  words,  a  causal  therapy, 
is  unconditionally  necessary  so  long  as  there  is  a  possibility  of  re- 
moving the  cause.  All  symptomatic  therapy  is  to  be  rejected  for 
the  reason  that  this,  as  also  medicinal  symptomatic  therapy,  as 
shown  in  the  foregoing,  is  generally  injurious  or  because  it  can  at 
the  most  only  alleviate,  just  as  also  the  physical  or  hydrotherapeutic 
therapy.  The  latter  treatment  can,  therefore,  only  be  turned  to 
account  for  the  supporting  of  the  dietetic  cure  so  far  as  it  is  com- 
patible with  the  much  more  important  factor  of  bodily  rest.  No- 
where are  so  many  errors  committed  as  in  the  treatment  of  neuras- 
thenia, owing  to  the  overlooking  and  entire  neglect  of  the  primary 
disease,  and  that  in  consequence  of  a  one-sided  specialistic  examina- 
tion which  does  not  embrace  all  the  organs,  or  in  consequence  of  too 
hasty  examination.  The  stomach  troubles  complained  of,  where 
such  are  present,  are  put  down  to  the  neurasthenia,  regarded  as 
nervous  dyspepsia,  a  view  which  I  must  oppose,  as  Kussmaul  also 
did.  I  have  observed  a  great  number  of  patients  who  were  treated 
for  years  for  so-called  neurasthenia,  until  in  the  end  they  became 
confined  to  bed,  or  through  the  onset  of  gastralgia,  gastric  hemor- 
rhage, they  became  aware  of  their  primary  disease,  patients  whose 
curing  required  nothing  further  than  a  causal  diagnosis  and  causal 
treatment.  The  mere  discovery  of  a  cardiac  dilatation  leads  us  at 
once  to  the  correct  causal  diagnosis,  for  which  reason  every  examina- 
tion in  cases  of  neurasthenia  should  commence  with  the  minute  ex- 
amination of  the  heart.  Here,  too,  may  there  set  in  at  least  a  change 
in  the  views  held  concerning  the  nature  of  neurasthenia,  for  in  no 
other  domain  has  there  been  so  much  fruitless  treatment,  extending 
over  many  years,  to  the  injury  of  the  patient,  and  also  to  the  prejudice 
of  our  professional  esteem. 

Of  importance  for  the  dietetic  treatment  is  also  the  falling  off  in 
the  attentive  faculty,  brought  on  by  the  action  of  gastric  or  gastro- 
enteric toxins,  the  difficulty  attending  the  reasoning  processes  and  the 
observant  faculties,  the  weakness  of  memory,  in  general  the  decrease 
of  the  entire  mental  working  powers.  As  has  been  shown  elsewhere.27 
these  disturbances  in  the  cerebral  functions  are  due  to  the  fact  that, 
under  the  influence  of  the  aforesaid  toxins,  the  chemical  composition 
of  the  protoplasm  of  the  ganglion  cells  is  changed,  and  the  storing 
up  of  mental  pictures  rendered  more  difficult  and  slow.     Possibly, 
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too,  analogous  to  the  operations  in  melancholia,  which  we  have  still 
to  discuss,  owing  to  the  influence  of  gastric  toxins,  the  conduction  of 
the  associative  fibers  is  rendered  more  difficult  and  slow,  all  of  which 
would  explain  the  difficult  working  of  the  observant  faculty,  and  the 
falling  off  in  the  performances  of  the  mental  powers.  In  consequence 
of  the  aforementioned  alteration  in  the  protoplasm  of  the  ganglion 
cells  caused  by  the  toxins,  the  molecular  compositions  of  mental 
pictures  are  destroyed,  or  at  least  the  physiological  disintegration  of 
these  stores  is  accelerated,  thus  conditioning  the  weakness  of  mem- 
ory. As  has  been  proved,  for  these  disturbances  of  the  cerebral 
functions  the  afterconditions  of  the  gastro-intestinal  disease, 
anemia  and  malnutrition,  in  absolute  conformity  with  what  was 
found  to  give  the  moving  cause  to  neurasthenia,  and  to  the  psychic 
disturbances  still  to  be  discussed  are  of  only  entirely  secondary  im- 
portance, as  the  cerebral  functions  and  their  maintenance  within 
fairly  wide  bounds  are,  contrary  to  all  expectation,  independent  of 
these  changes  in  the  blood  and  state  of  nutrition.  The  weakness 
of  memory,  the  falling  off  in  the  performances  of  the  mental  powers, 
may  attain  such  proportions  that  fears  arise  in  the  patients  of  the 
oncoming  of  mental  paralysis,  and  they  become  entirely  useless  for 
their  calling. 

As  a  result  of  the  dietetic  treatment  of  the  primary  disease,  even 
the  most  severe  degrees  of  memory  weakness  and  decrease  of  mental 
working  power  disappear,  so  long  as  the  patient  has  not  gone  past 
his  sixty-fifth  year  of  age.  Beyond  this  age  the  memory  and  mental 
performances,  as  the  records  of  observations  go  to  prove,  remain 
defective,  in  spite  of  the  complete  removal  of  the  toxins  of  the  fer- 
mentations and  decompositions.  The  presence  of  syphilis,  particularly 
when  accompanied  at  the  same  time  by  chronic  alcoholic  excesses, 
must  always  make  us,  in  advanced  stages  of  this  functional  disturb- 
ance of  the  brain,  very  cautious  in  arriving  at  our  diagnosis,  lest  we 
overlook  a  just  commencing  dementia  paralytica.  Not  alone,  how- 
ever, does  this  call  for  speedy  removal,  but  also  in  this  aspect  of 
the  disease,  complicated  with  chronic  alcoholism,  the  speediest  pos- 
sible removal  of  the  fermentation  and  decomposition  processes  of 
the  gastro-intestinal  canal  invariably  present  in  cases  of  chronic 
alcoholism  is  imperative,  so  that,  with  the  observance  of  strict  ab- 
stinence on  the  part  of  the  patient,  degenerative  cerebral  processes 
may  be  prevented.  As  investigations  have  shown,  the  gastro-enteric 
toxins  alone  can  not  constitute  the  moving  cause  of  such  processes. 
In  the  case  of  dementia  paralytica,  as  is  well  known,  the  utmost  we 
can  achieve  is  in  the  direction  of  an  early  prophylaxis.  A  not-too- 
inferior  brain  is  able  to  deal  with  one  toxin,  but  not  with  a  number 
of  poisons  operating  at  the  same  time.  For  the  normal  development 
of  the  brain  from  adolescence  to  advanced  age,  for  the  preservation 
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of  readily  acting  mental  working  powers  and  alertness  of  intellect, 
for  the  conservation  of  the  memory,  the  entire  prophylaxis  is 
founded  on  the  warding-off  of  gastric  and  gastro-enteric  fermenta- 
tion and  decomposition  processes  by  means  of  a  simple,  temperate, 
and  regular  manner  of  life. 

Of  importance  further  is  the  dietary  treatment  for  the  removal  of 
sleeplessness,  so  far,  of  course,  as  this  represents  a  disturbance  of 
the  cerebral  function,  and  is  not  caused  by  pain,  etc.  This  disturb- 
ance of  the  cerebral  function  is  especially  fateful  for  the  patient,  in- 
asmuch as  it  deprives  the  brain  of  the  possibility  of  resting.  Under 
the  influence  of  want  of  sleep,  neurasthenia  and  nerve  debility 
assume  ever-increasing  proportions.  As  has  been  shown  else- 
where,28 the  causa  movens  of  this  sleeplessness  is  supplied  by  the 
toxins  of  the  fermentation  processes  in  the  stomach  and  small  intes- 
tine. As  was  shown  in  the  work  quoted,  this  condition  is  removed 
by  dietary  treatment,  even  in  cases  where  pronounced  anatomical 
cerebral  changes  are  present,  so  long  as  these  pathological  changes 
do  not  have  their  moving  cause  in  pain  or  other  phenomena  of 
irritation  disturbing  the  sleep,  as  illustrated,  for  instance,  in  de- 
mentia. In  the  work  in  question  I  directed  attention  to  the  serious 
injuries  which  here,  too,  are  involved  in  the  symptomatic  treatment 
of  sleeplessness  by  means  of  soporifics.  Investigation  and  experience 
warrant  me  in  saying  that  no  method  of  treatment  has  done  so  much 
damage,  and,  above  all,  brought  permanent  ruin  to  so  many  human 
lives,  as  the  treatment  of  insomnia  with  narcotics,  exerting  their 
influence  as  they  do  in  quarters  entirely  removed  from  the  actual 
seat  of  the  disease.  Instead  of  removing  the  cause  of  the  sleepless- 
ness, the  toxins  circulating  in  the  blood,  the  measures  with  which  this 
treatment  sets  to  work  are  such  as  injure  and  even  paralyze  the  func- 
tions of  the  ganglion  cells,  and  which,  if  their  use  is  continued  too 
long,  must  inevitably  bring  about  changes  in  the  plasma  of  the 
ganglion  cells,  and  even,  as  is  the  case  with  chloral  hydrate,  symp- 
toms of  degeneration.  This  takes  place  the  more  easily  that  at  the 
same  time  the  influence  of  the  toxins  of  the  fermentation  and  de- 
composition processes  continues,  at  the  least  diminishing  the  resist- 
ance of  the  ganglion  cells.  Even  if  we  had  at  our  disposal  an  ideal 
soporific,  one  which  could  do  no  damage  of  this  kind  in  the  brain, 
and  which  at  the  same  time  would  not,  as  do  all  the  opiates  with 
which  I  am  acquainted,  accentuate  the  fermentation  processes  in  the 
gastrointestinal  canal,  and  more  or  less  severely  injure  the  latter 
itself,  still  it  is  only  logical  that  all  we  could  do  would  be  to  sup- 
press a  symptom,  nature's  warning  of  the  presence  of  serious  dis- 
orders in  the  body,  while  these  disorders  themselves  would  work  on 
unimpeded,  and  could  only  continue  to  give  rise  to  grave  injuries  in 
the  body. 
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As,  however,  such  an  ideal  soporific  has  still  to  be  discovered,  the 
use  of  drugs  in  the  treatment  of  insomnia  is  tantamount  to  adding  to 
the  toxins  produced  by  the  fermentations  and  decompositions  other 
damaging  elements,  with  only  an  accentuating  action  on  the  toxic 
influence  of  the  latter  processes,  and  this  we  call  a  treatment  of 
insomnia.  The  other  methods  of  treating  sleeplessness  hitherto  prac- 
ticed, as  in  the  so-called  "  natural "  method  of  cure,  are  no  better. 
As  in  the  case  of  hydro-therapeutics,  the  utmost  they  can  do  is  to 
facilitate  the  elimination  of  the  toxins,  but  only  after  their  pernicious 
influence  has  been  exerted  on  the  body  to  the  full.  These  considera- 
tions imperatively  demand  of  us  the  causal,  particularly  the  dietetic, 
treatment  of  insomnia,  for  this  treatment  alone,  in  the  presence  of 
fermentation  and  decomposition  processes  in  the  gastrointestinal 
tract,  can  remove,  in  a  certain  and  lasting  manner,  this  severe  dis- 
turbance of  the  cerebral  function,  and  also  at  the  same  time  bring 
about  the  removal  of  all  the  other  serious  disorders  of  the  body  exist- 
ing side  by  side  with  sleeplessness,  particularly  the  severe  atony 
of  the  heart,  preventing  at  the  same  time  the  breaking  down  of 
strength.  Let  him  who  henceforth  turns  away  from  these  considera- 
tions at  least  be  aware  of  the  heavy  responsibility  which  he  takes 
upon  himself  in  continuing  the  hitherto  customary  symptomatic 
treatment  of  sleeplessness,  and  let  him  ask  himself  whether  under 
such  circumstances  he  can  still  claim  to  be  considered  a  counselor  of 
suffering  humanity  in  this  grave  disorder. 

Of  the  very  utmost  importance  is  the  dietetic  treatment  of  melan- 
cholia, the  dependence  of  which  on  fermentation  and  decomposition 
processes  alone  has  been  shown  at  length  elsewhere29  in  the  records 
of  25  years'  observations.  This  is  undoubtedly  one  of  the  gravest 
mental  disorders,  rendering  its  unhappy  victims  profoundly 
wretched,  from  no  cause  and  for  no  fault  of  their  own,  driving  them 
often  enough  to  suicide.  It  is  a  disorder  in  the  presence  of  which 
we  have  hitherto  been  at  our  wits'  end,  but  for  which  now,  thanks 
to  this  dietetic  treatment,  a  speedy  and  sure  cure  is  available.  In 
the  work  in  question  I  have  alluded  to  the  well-known  case  of  the 
spontaneous  healing  of  this  mental  disorder  simply  and  solely 
through  the  diet,  which  Kant,  our  famous  philosopher,  imposed  upon 
himself,  thoroughly  testing  it  by  exact  and  long-continued  observa- 
tions in  his  own  case,  after  all  the  attempts  of  physicians  to  help 
him  had  been  fruitless.  Exactly  as  in  the  case  of  diabetes,  the  graver 
forms  of  toxic  albuminuria  and  phthisis,  so  also  for  the  genesis  of 
melancholia,  the  predisposing  cause,  the  diminished  power  of  re- 
sistance of  the  brain,  whether  due  to  hereditary  influences  or  to  later 
injuries,  is  unconditionally  necessary.  Emphasis  is,  however,  to  be 
laid  on  the  fact  that  here,  too,  fortunately,  the  causa  disponens  can 
never  be  a  permanent  bar  to  the  healing  of  the  complaint,  as  soon  as 
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the  causa  movens,  the  fermentations  and  decompositions  in  the  stomach 
and  small  intestine,  is  entirely  removed,  but  can  at  the  most  only 
delay  it  for  a  time.  The  retarding  of  the  association  of  ideas  in 
this  disorder  has,  in  a  way,  its  pathological  analogy  in  the  brady- 
cardia present  in  conditions  of  exhaustion  of  the  cardiac  muscle, 
with  concurrent  atony  of  the  latter  as  equivalent  pathological- 
chemical  effect  of  the  fermentation  toxins,  and  it  is  not 
uninteresting  to  find  a  reminiscence  of  this  disturbance  of  the  cerebral 
function  in  the  functional  disturbances  of  such  an  entirely  differently 
constructed  organ.  The  more  cases  I  have  seen  of  melancholia  the 
stronger  has  become  my  conviction  that  for  melancholia  and  its  sub- 
types there  is  only  a  single  causa  movens,  the  formation  of  gastro- 
enteric toxins,  and  careful  investigations  made  in  the  large  State 
lunatic  asylum  at  Illenau  in  Baden,  as  also  the  results  of  the  treat- 
ment carried  out  in  that  institution,  have  only  further  strengthened 
my  conviction.  I  feel  that  I  must  at  this  point  express  my  sincerest 
thanks  to  my  colleagues  on  the  staff  of  this  institution,  and  especially 
to  Geheimrat  Dr.  Schule,  for  the  obliging  courtesy  they  showed  me. 
The  proneness  of  the  fermentation  and  decomposition  processes  to 
relapses,  particularly  after  long  duration  of  the  disease,  as  result 
of  the  weakened  and  often  severely  injured  digestive  organs,  in 
association  with  the  very  extremely  important  causa  disponens,  which 
always  remains  unchanged,  and  which  will  probably  never  become 
susceptible  to  therapeutic  influences,  furnishes  a  complete  explanation 
of  the  extraordinary  proneness  to  relapses  of  melancholia.  This 
circumstance  renders  it  incumbent  upon  us,  after  we  have  effected 
a  cure,  to  urge  the  patient,  with  a  view  to  preventing  relapses,  to 
diet  himself  to  a  certain  extent  for  the  rest  of  his  days,  and  this  in  a 
manner  in  keeping  with  the  tolerance  of  his  digestive  organs.  But 
in  the  case  of  every  sufferer  from  gastric  complaints  with  slight  con- 
ditions of  depression,  we  must  be  concerned,  in  the  interests  of  the 
prophylaxis,  to  effect  a  cure  of  his  complaint  as  speedily  and  cer- 
tainly as  possible,  for,  from  the  accounts  so  frequently  given  me 
later,  all  that  had  restrained  such  patients  from  taking  the  last  step, 
that  of  self-destruction,  was  the  confidence  inspired  in  them  by  the 
conscientious  examination,  associated  with  the  most  thorough  dis- 
cussion of  the  case,  and  the  setting  in  with  absolute  certainty  of  a 
palpable  improvement  after  the  long  succession  of  failures.  In  the 
whole  domain  of  medicine  few  situations  will  present  themselves  so 
pregnant  with  responsibility  as  those  presented  by  sufferers  from 
gastric  disease  with  conditions  of  depression,  especially  when  there 
is  a  history  of  suicide  in  the  family  with  its  suggestive  influence, 
or  an  "  idee  fixe  "  prompts  to  self-destruction,  or  when  unfavorable 
external  conditions,  as  poverty,  lack  of  employment  through  constant 
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illness,  the  domestic  dissensions  resulting  on  the  severe  nervous  con- 
dition, all  combine  to  afflict  these  unfortunate  sufferers. 

Finally,„the  insanity  due  to  the  "  compulsory  idea  "  and  to  halluci- 
nations calls  also  for  the  same  dietetic  measures,  as  soon  as  a  gastric 
lesion  with  fermentation  and  decomposition  processes  can  be  ascer- 
tained. As  is  well  known,  hallucinations  play  a  particularly  im- 
portant part  in  the  aggravating  of  conditions  of  psychoses.  I  have 
shown  elsewhere30  that  when  there  is  present  at  the  same  time  the 
foundation  discussed  in  an  earlier  part  when  dealing  with  epilepsy, 
viz,  an  hereditary  or  acquired  inferiority  of  the  infracortical  tracks, 
the  centripetal  irritations  proceeding  from  gastric  lesions  can  very 
easily  furnish  the  moving  cause  for  the  "  compulsory  idea  "  and  hal- 
lucinations. Thus  here,  too,  the  operation  of  a  causa  disponens  is 
indispensable  before  the  causa  movens  can  give  rise  to  these  psychic 
disturbances.  Here  the  dietetic  treatment,  in  strictest  association 
with  rest  of  body  and  mind,  by  excluding  every  possibility  of  irrita- 
tion of  the  gastric  lesion  as  causa  movens  can  alone  bring  about 
immediately  a  narrowing  of  these  mental  disorders,  and,  with  the 
healing  of  the  gastric  lesion,  their  entire  removal,  in  spite  of  long 
duration  and  hereditary  predisposition.  More  than  ever  in  the  com- 
mencement of  the  psychosis  this  treatment  is  quickly  able  to  restore 
to  the  sufferers  their  peace  of  mind,  and  this  at  a  time  when  they  are 
tormented  by  nothing  so  much  as  by  the  dread  of  becoming  incurably 
mentally  diseased,  as  I  learn  by  a  very  great  number  of  observa- 
tions and  cures  effected.  Even  the  dread  of  touching,  recognized  as 
being  such  an  extremely  unfavorable  symptom,  with  religious  mania 
present  at  the  same  time,  in  a  case  declared  incurable  by  an  authority 
in  Paris,  could  not  prevent  a  recovery  as  soon  as  the  improvement 
and  finally  the  healing  of  the  gastric  disease  was  accomplished.  It 
must  be  reserved  for  further  investigations  to  determine  whether,  in 
the  presence  of  predisposition,  pathological  irritations  proceeding 
from  other  organs  can  provide  the  moving  cause  of  such  severe 
psychical  disorders,  in  order  to  create  a  still  broader  basis  for  a  causal 
therapy  in  these  grave  disturbances.  Here,  too,  a  causal  therapy 
must  be  regarded  as  the  highest,  the  ideal  goal  toward  which  we 
aspire,  as  it  alone,  in  contradistinction  to  the  symptomatic  medicinal 
therapy  practiced  heretofore,  can  operate  unpre judicially  in  the 
presence  of  the  psychical  disorders,  and  at  the  same  time  without 
injury  to  the  cerebral  functions,  assuming  always  that,  no  degener- 
ative processes  have  as  yet  set  in.  By  the  causal  therapy  we  lessen, 
as  far  as  lies  in  our  power,  the  danger  of  the  setting  in  of  such 
degenerative  processes  in  the  brain,  counteracting  these  by  removing 
all  toxic  influences,  including  that  of  alcohol,  or  of  accidentally 
present  syphilis,  whereas  the  medicinal  therapy  of  psychosis,  the 
neronia,  but  particularly  the  narcotica,  that  have  obtained  in  the 
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past,  actually  created,  or  at  least  "decidedly  favored,  such  degenera- 
tions, in  reciprocal  action  with  the  toxical  proa  supplying  the 
moving  cause  of  the  psychosis. 

There  is  no  doubt  in  my  own  mind  that  still  other  hurtful  influ- 
ences, situated  outside  the  brain  and  operating  thence,  are  of  im- 
portance as  moving  cause  of  psychosis,  of  which  we  have  such  classi- 
cal instances  in  the  toxic  action  of  strong  doses  of  alcohol,  bella- 
donna, toxins  of  severe  infectious  diseases,  pellagra,  the  influence  of 
which  is  varied  according  to  the  extraordinarily  different  individual 
resistance  power  of  the  brain.  It  is  true,  indeed,  that  in  order  to 
achieve  this  ideal  of  a  casual  therapy  of  mental  diseases,  the  educa- 
tion of  our  alienists  must  be  on  altogether  different  lines.  They 
should  be,  first  and  foremost,  well  schooled  in  internal  diseases 
before  concerning  themselves  with  the  difficult  subject  of  psychosis, 
and  furthermore  they  must  thereafter  never  lose  touch  with  the 
progress  of  internal  medicines,  for  only  under  these  conditions  can 
causal  therapy  make  further  progress  in  the  field  of  psychosis,  with 
all  its  great  responsibilities.  I  regard  the  hitherto  one-sided  educa- 
tion of  our  specialists  in  nervous  and  mental  diseases  as  furnishing 
the  chief  reason  why  our  therapeutic  efforts  in  this  field  have  as  yet 
made  so  little  advance,  being  restricted  for  the  most  part  to  the  dis- 
covery of  new  sedatives,  and  their  activity  or  satisfied  with  the  ad- 
vancing of  new  hypotheses;  for  this  reason,  therefore,  endeavors  in 
the  field  of  causal  therapy  have  been  so  fruitless  that  many  doubt,  or 
even  deny,  that  anything  is  to  be  hoped  for  from  therapy  along  such 
lines.  As  direct  hindrance  to  the  exploration  of  causal  therapy  must 
be  regarded  also  the  decree  of  the  Medical  Association  in  Germany, 
that  a  physician  shall  not  specialize  at  one  and  the  same  time  in  two 
branches,  such  as  that  of  gastrointestinal  diseases  and  that  of  nervous 
disorders.  The  hitherto  customary  symptomatic  treatment  of  per- 
sons suffering  from  mental  diseases  with  narcotics,  or  the  whole 
army  of  milder  sedatives,  with  its  momentary  successes  and  its  serious 
disadvantages — the  continuance  of  the  primary  disease  and  even 
the  aggravation  of  the  latter  through  all  these  preparations — is  open 
to  the  gravest  suspicion,  and  has  been  justified  only  so  long  as  we, 
lacking  a  true  insight  into  the  nature  and  the  origin  of  the  mental 
diseases,  could  know  of  nothing  better. 

In  the  scheme  of  treatment  of  mental  diseases  in  the  past,  the 
weighty  factor  of  mental,  and  generally  also  bodily,  rest  alone  found 
a  place,  whilst  the  second  most  important  factor,  the  dietetic  treat- 
ment, was,  at  all  events  in  the  case  of  the  psychoses  under  discussion, 
unfortunately  entirely  neglected.  In  view  of  the  great  frequency  of 
functional  disturbances  of  the  gastrointestinal  canal,  as  also  the  fre- 
quency of  its  diseases,  above  all  its  lesions,  which  often  enough  re- 
main entirely  latent,  and  in  view  of  the  extraordinarily  unfavorable 
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influence  of  these  diseases  on  a  brain  already  severely  weakened  in  its 
resistance  power,  and  therefore  reacting  altogether  differently,  the 
dietetic  treatment  is,  however,  far  more  important  than  all  the  other 
factors  in  the  cure  put  together,  leaving  out  of  consideration  here 
the  rest  factor,  the  keeping  at  a  distance  of  fresh  unfavorable  influ- 
ences. For  this  reason  a  dietary  treatment  is  probably  urgently  nec- 
essary for  the  great  majority  of  mental  diseases,  even  if  it  is  only  a 
matter  of  the  removal  of  a  heightened  psychical  excitability  and 
insomnia,  caused  and  kept  up  by  a  contemporaneous  gastric  dis- 
ease, as  the  removal  of  just  these  severe  functional  disturbances  of 
the  brain,  so  prejudicial  as  they  are  to  the  normal  course  of  the 
cerebral  activity,  must  have  a  most  important  bearing  on  the  removal 
of  the  psychosis  itself,  even  when  the  psychosis  itself  is  independent 
of  the  gastric  disease.  For  a  complication  with  gastrointestinal  dis- 
ease in  the  case  of  such  psychoses  independent  of  this  disease,  is,  in 
my  opinion,  an  effective  obstruction  to  the  course  of  healing,  and  that 
just  on  account  of  the  gravely  detrimental  influence  which,  as  inves- 
tigations show,  the  gastrointestinal  disease  exerts  on  the  cerebral 
functions.  As  I  learn  by  a  whole  series  of  investigations  of  cases 
of  mental  disease,  one  must  never  forget  that,  on  account  of  the 
greatly  reduced  power  of  resistance  of  the  brain  accompanying  every 
psychosis,  even  relatively  insignificant  gastrointestinal  disturbances, 
which  in  the  case  of  a  normal  brain  would  at  the  most  give  rise  to  a 
moderate  nervous  condition,  with  light  and  restless  sleep,  may  in 
mentally  affected  subjects  bring  on  very  serious  disorders  of  the 
cerebral  functions. 

For  this  reason  it  is  imperative  in  all  cases  of  mental  disease 
which  exhibit  the  above-mentioned  absolutely  reliable  indicators  of 
fermentation  and  decomposition  processes,  disturbances  of  the  func- 
tions of  the  small  intestine,  symptoms  of  gastric  or  intestinal  lesions, 
to  proceed  immediately  to  the  most  rigid  dietetic  measures  in  order 
that  the  so  fateful  influences  of  the  gastrointestinal  disease  on  the 
cerebral  functions  may  be  dispersed,  and  that  the  so  effective 
hindrance  in  the  way  of  the  healing  of  the  mental  disorder,  even  if 
independent  of  the  gastrointestinal  disease,  may  be  cleared  away. 
And  it  is  just  this  important  point  which  has  been  entirely  neg- 
lected in  the  treatment  of  mental  diseases  in  the  past.  All  other 
methods  of  treatment  in  psychosis,  having  only  a  palliative  char- 
acter, such  as  baths,  shower  baths,  rubbings,  electrical  treatment, 
stand  far  behind  the  dietetic  treatment  in  point  of  value,  and  are, 
frequently  enough,  absolute  hindrances.  A  refusal  on  the  part  of 
the  mentally  afflicted  patient  to  submit  to  the  dietary  cure  must 
never  be  an  excuse  for  not  adopting  the  treatment  or  for  carrying  it 
out  in  a  perfunctory  manner.  Where  reason  is  lacking,  compulsion 
born  of  necessity  must  step  in.     To  adapt  oneself  to  the  moods  of 
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the  mentally  diseased  is  an  entirely  mistaken  procedure,  as  particu- 
larly in  the  mental  disorders  dependent  on  gastrointestinal  disease 
the  permanence  of  the  latter  implies  the  continuance  of  the  psychosis. 
In  all  cases  of  mental  disease  I  regard  as  indispensable  a  most 
careful  dieting,  in  conjunction  with  the  total  abstinence  from 
alcohol,  tobacco,  coffee,  tea,  and  a  rigid  dietetic  treatment  when  they 
are  associated  with  even  the  most  trifling  disorders  of  the  gastro- 
intestinal canal. 

For  the  combating  and  removal  of  the  disorders  of  the  cerebral 
functions,  in  particular  nerve  debility,  in  general  the  whole  com- 
plexity of  symptoms  of  what  is  termed  neurasthenia,  of  which  latent 
gastrointestinal  disease  supplies  the  moving  cause,  and  also  for  the 
treatment  of  morbus  basedowii,  forced  alimentation  is  very  fre- 
quently practiced  in  sanatoria,  so  that  I  feel  compelled  to  revert 
here  again  to  this  method  of  treatment.  As  has  been  mentioned  at 
several  points  in  the  foregoing,  the  records  of  careful  investigations 
show  that  the  cerebral  functions  can  hold  their  own  within  fairly 
wide  bounds  independent  of  the  condition  of  nutrition  and  the 
degree  of  anemia.  For  this  reason  alone  forced  alimentation  in  the 
case  of  cerebral  functional  disturbances  can  not  logically  find  any 
recommendation  within  the  confines  of  a  causal  therapy.  On  the 
other  hand,  forced  alimentation,  to  be  logical,  must  have  as  abso- 
lutely indispensable  stipulation  a  completely  intact,  or  at  least  not 
seriously  injured,  digestive  tract,  but  particularly  the  absence  of 
gastroenteric  fermentations  and  decompositions.  Otherwise  any 
overburdening  of  the  digestive  functions,  the  taking  of  sugar,  fat, 
milk,  eggs,  must  of  logical  necessity  lead  at  once  to  an  ever-increas- 
ing weakness  and  injury  of  the  digestive  tract,  particularly,  how- 
ever, to  severe  injuries  of  the  gastroenteric  fermentation  and 
decomposition  processes  already  so  frequently  alluded  to.  If  we 
comply  strictly  with  these  logical  demands  of  nature,  we  shall 
quickly  recognize  how  extremely  seldom  are  we,  unfortunately,  at 
all  in  a  position  to  make  use  of  a  forced  alimentation  cure  with  any 
prospect  of  a  really  successful  issue  of  the  treatment.  Not  only 
this,  but  we  shall  be  driven  to  the  conclusion,  after  a  really  careful 
examination  of  the  digestive  tract,  that  in  the  case  of  these  disorders 
of  the  cerebral  functions  and  in  morbus  basedowii  we  are  not  justi- 
fied in  practicing  forced  alimentation  at  all.  Here  it  is  always 
incumbent  upon  us  to  restore  first  of  all  normal  conditions  in  the 
digestive  tract  in  order  to  remove  the  serious  functional  disorders 
in  the  central  nervous  system,  caused  and  maintained  by  the  patho- 
logical processes  in  the  digestive  tract,  and  here,  too,  to  create  the 
normal  conditions  which  spell  recovery.  The  improvement  in  the 
condition  of  nutrition  and  the  composition  of  the  blood  follows  then 
of  itself  without  our  having  to  inflict  upon  the  digestive  tract,  just 
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recovered  from  its  disease,  still  in  a  weakened  condition  and  prone 
to  relapses,  an  overtasking  of  its  functions,  which  would  at  once 
expose  it  to  the  danger  of  a  relapse. 

It  will  be  seen  from  what  has  been  said  that  after  the  factor  of  rest 
the  dietetic  treatment  is,  for  a  very  great  number  of  most  important 
disturbances  and  diseases,  the  most  influential  factor  in  the  cure,  and 
that  this  treatment,  within  the  bounds  of  a  causal  therapy,  entirely 
replaces  the  palliative  treatment  by  medicaments  that  has  been  prac- 
ticed in  the  past.  The  cognizance  of  the  causal  connection  of  mani- 
festations of  disease,  of  disorders,  of  diseases,  with  the  affections  of 
the  digestive  tract,  simplifies  in  many  respects  the  clinical  classifica- 
tion of  diseases,  as  then  many  of  these  disorders  fall  from  their  posi- 
tion as  independent  diseases  and  have  to  take  their  place  among  the 
manifestations  of  disease,  and  it  simplifies  also  to  a  very  great  extent 
the  plan  of  treatment  of  these  disorders.  The  recognition  of  this 
causal  connection  explains  to  us,  moreover,  the  teaching  of  clinical 
experience,  viz,  that  the  diet  is  a  vastly  important  factor  in  the  treat- 
ment, not  only  of  the  diseases  of  the  digestive  canal,  in  which  its  im- 
portance is  self-obvious,  but  also  of  the  diseases  of  metabolism,  the 
affections  of  the  urinary  passage,  the  disorders  and  diseases  of  the 
central  nervous  system,  the  heart  and  the  lungs,  in  which  its  impor- 
tance would  not  at  first  sight  be  suspected.  As,  however,  it  falls  to 
the  synthetic  functions  of  the  digestive  canal  and  the  liver  to  see  that 
all  articles  of  food  find  their  way  into  the  circulation  only  as  matter 
fit  for  the  use  and  building  up  of  the  body,  whereby  they  lose  any 
possible  injurious  properties,  the  therapeutic  operations  of  the  diet  in 
disorders  and  diseases  had  remained  for  us  hitherto  problematical. 
Through  the  recognition  of  the  causal  connection  of  all  the  disorders 
and  diseases  mentioned  with  the  affections  of  the  digestive  tract,  the 
diet  and  its  vast,  far-reaching  importance  appear  to  us  in  an  entirely 
different  light.  One  sees  at  once  without  difficulty  what  crude  mis- 
takes have  been  made  in  the  past  in  compiling  the  diet,  particularly 
in  the  disorders  of  metabolism,  but  even  also  in  the  disturbances  and 
diseases  of  the  digestive  canal,  simply  because  the  causal  connection 
of  the  disorders  not  being  recognized,  entirely  different  causes  were 
assumed,  and  we  set  to  work  groping  our  way  in  uncertainty  and 
expose  it  to  the  danger  of  a  relapse. 

The  real  causes  which  demanded  a  diet,  and  only  a  diet  adapted 
to  these  causes,  were  entirely  overlooked,  and  many  of  the  articles 
of  food,  which  we  must  strictly  forbid  wherever  these  causes  are 
operative,  were  actually  regarded  as  possessing  dietetic  value.  More 
than  this,  the  diet,  in  the  entire  absence  of  any  settled  foundation, 
experienced  the  most  varied  interpretation,  according  to  the  stand- 
point which  the  therapeutist  took.     Often  enough  did  it  go  astray 
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along  entirely  wrong  paths,  to  instance  only  the  vegetarian  diet  for 
constipation,  the  ordering  of  fats  in  diabetes,  increasing  the  danger 
of  coma  diabeticum,  and  instead  of  bringing  the  intended  benefit  its 
action  was  directly  prejudicial.  Thanks  to  the  investigations  made 
in  causal  diagnosis  and  in  causal  therapy,  there  has  now  been  laid 
out  for  the  diet,  in  its  nature  and  composition,  well-defined  bounds, 
and  it  is  now,  at  all  events  as  far  as  a  great  number  of  the  most  im- 
portant and  gravest  disorders  of  the  body  are  concerned,  firmly  es- 
tablished. I  am  by  no  means  blind  to  the  fact  that  for  the  time 
being  the  standpoint  I  take  is  entirely  exceptional,  and  one  which  to 
many  may  even  appear  revolutionary.  But  we  must  at  length  do 
away  altogether  with  the  old  routine  of  palliative  treatment,  which 
is  good  for  nothing  but  to  prescribe  a  remedy  for  every  disorder, 
never  asking  whence  the  disorder  originates,  to  what  primary  mal- 
ady it  owes  its  moving  cause,  and,  above  all,  what  further  injuries 
for  the  body  are  involved  in  the  overlooking  of  this  primary  disease. 
This  palliative  method  of  treatment  is  unfortunately  so  entirely  in 
keeping  with  the  present-day  trend  of  thought,  our  easy-going  super- 
ficiality, our  overhurried  methods  of  examination  and  diagnosis,  and 
will  prove  a  deeply  rooted  evil  which  will  only  very  slowly  be  ex- 
tirpated. It  has,  however,  rendered  our  position  toward  suffering 
humanity  almost  untenable,  has  debased  many  a  therapeutist  to  the 
position  of  chemist's  hodman,  and  has  not  infrequently  lent  counte- 
nance to  offensive  advertising  practices  on  the  part  of  chemical  man- 
ufactories and  quacks.  Above  all  things,  however,  the  symptomatic 
therapy  which  has  obtained  till  this  day  has  been  an  obstacle  in  the 
way  of  the  vastly  important  investigation  of  the  laws  of  nature,  so 
far  as  they  have  sway  in  the  field  of  pathology. 

We  must  seek  for  pathology  exactly  those  same  foundations:  built 
up  only  on  the  laws  of  nature,  which  have  proved  such  a  blessing 
to  physiology,  in  the  absence  of  which  sure-going  clinical  research 
is  a  sheer  impossibility.  Let  us,  therefore,  when  and  wherever  it  is 
possible  for  us,  forsake  the  path  of  this  faulty  palliative  treatment 
and  set  our  faces  steadfastly  toward  a  causal  therapy,  built  up  on 
the  sure  foundation  of  a  most  thorough  examination  of  every  organ. 
A  causal  therapy,  and  this  alone,  enables  us  to  be  conscientious  ad- 
visers of  suffering  humanity,  advisers  whose  counsel  is  never  fraught 
with  detriment  to  the  sufferer,  and  to  be  at  hand  with  prompt,  lasting, 
and  certain  help  within  the  utmost  bounds  of  human  power.  It 
relieves  us  entirely  from  the  moral  responsibility  for  the  failure  of 
our  treatment,  in  the  absence  of  the  strictest  obedience  on  the  part 
of  our  patients,  or  in  consequence  of  incurable  conditions,  and  with 
its  rapid  and  assured  successes  vouchsafes  an  inward  satisfaction 
amidst  the  stress  of  our  difficult  and  responsible  calling.    These  sue- 
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cesses  of  the  causal  therapy,  however,  must  in  their  turn  spur  us  on  to 
further  research,  to  further  investigation  of  the  causes  of  disease,  and 
of  the  causal  connection,  based  on  natural  laws,  of  pathological  phe- 
nomena, and  thus  to  a  more  and  more  perfect  building  up  of  the 
structure  of  our  science.  Along  this  path  of  research  we  may  hope 
to  achieve  results  which  shall  hold  good  for  all  time,  no  less  than 
will  the  laws  of  nature,  on  which  they  are  and  must  be  grounded. 

1Die  Reizungen  des  N.  syinpathicus  und  vagus  beim  Ulcus  ventriculi.  (P16- 
nies)   (Bergmann,  Weisbaden,  1902). 
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storungen des  Darinkanals.  (Plonies)  (Archiv  fur  Verdauungskrankheiten, 
vol.  12,  No.  2). 
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21  Funktionsstorungen  der  Lungen  und  Reizerscheinungen  am  Thorax  im 
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zin), Wiesbaden,  1932. 

"Das  Verh&ltnis  der  Starke  gastrointestinaler  Autointoxikationserschein- 
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26  Reizungen  des  N.  sympathicus,  1.  c. 

28  Ueber  die  Beziehungen  der  wichtigeren  Schlafstorungen  in<l  der  toxischen 
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und  Unterernahrung.  (Plonies)  (Deutsche  Zeitschrift  fiir  Nervenheilkunde, 
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28  Klinik  fiir  psychische  und  nervose  Krankheiten,  3908,  IV. 
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Anaemie  und  Unterernahrung  zu  den  Depressionszustiinden  mit  Beriicksichti- 
gung  des  Wesens  und  der  Therapie  derselben.  (Plonies)  (Monatsschrift  fiir 
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30 "  Das  Vorkommen  und  die  ursachlichen  Beziehungen  der  psychischen 
Storungen,  besonders  der  Zwangsvorstellungen  und  Halluzinationen  bei  Magen- 
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THE  HYGIENIC  PHYSIOLOGY  OF  BATHING  AND  ITS  APPLICATION 

TO   PUBLIC   BATHS. 

Simon  Baruch,  M.  D.,  Professor  of  Hydrotherapy,  College  of  Physicians  and 
Surgeons,  Columbia  University,  New  York.  Consultant  to  Bellevue,  Hood 
Wright,  and  Montefeore  Hospitals. 

The  hygienic  physiology  of  baths  has  changed  with  the  changes  in 
the  conception  of  the  physiology  of  the  skin.  When  I  studied  medi- 
cine 50  years  ago,  elimination  was  regarded  as  the  chief  function  of 
the  skin.  The  textbooks  related  the  story  of  a  boy  who,  after  being 
covered  with  gold  foil,  had  represented  an  angel  in  a  papal  procession, 
and  who  died  because  the  impurities  which  it  was  the  function  of  the 
skin  to  eliminate  were  retained.  I  must  confess  that  not  long  ago  I 
risked  being  regarded  as  uninformed  on  modern  physiology  when  I 
argued  before  an  aldermanic  committee  for  new  public  cleansing  baths 
that  the  skin  purifies  the  organism  just  as  do  the  lungs,  and  that  there- 
fore free  cleansing  baths  are  as  important  to  the  community  as  free 
parks.  Our  present  knowledge  of  the  physiology  of  the  skin  makes 
its  eliminating  function  the  least  important  in  hygiene  for  the  main- 
tenance of  life  under  normal  conditions.  In  this  presence  it  were  an 
act  of  supererogation  to  dwell  upon  the  following  facts,  which  are 
indisputable,  were  it  not  probable  that  the  discussion  of  this  section 
may  be  utilized  for  the  diffusion  of  physiological  knowledge  of  the 
bath  among  the  lay  people.  It  is  an  indisputable  fact  that  to  the 
nerve  and  vascular  supply  ramifying  in  its  structure  the  skin  owes 
its  life-sustaining  functions,  and  that  these  underlie  the  sense  of 
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touch  which  is  the  most  vital  of  all  the  senses,  because  its  extinction  is 
fatal,  while  every  other  sense  may  be  destroyed  without  actual  loss 
of  life.  It  is  now  positively  known  that  death  of  animals  which  have 
been  covered  with  an  impermeable  varnish,  as  was  the  gilded  boy,  is 
not  due  to  interference  with  the  purifying  function  of  the  skin  but 
to  interference  with  temperature  regulation,  and  that  if  the  tempera- 
ture is  maintained  by  enveloping  the  animal  with  warm  coverings  it 
may  survive  for  some  time.  There  is  a  sudden  rise  of  temperature 
after  varnishing  the  animal,  it  becomes  weary,  the  pulse  and  respira- 
tion become  rapid  as  in  fevers,  albuminuria  and  convulsions  ensue, 
exhalation  of  C02  is  reduced  enormously,  and  finally  the  animal 
expires  with  a  temperature  far  below  the  normal. 

While  elimination  is  secondary  to  temperature  regulation,  it  does 
play  an  important  role  in  the  physiology  of  the  skin.  Since  it  is 
the  function  of  hygiene  not  only  to  maintain  health  but  to  fortify 
the  system  against  disease,  it  is  relevant  and  indeed  necessary  to 
advert  here  to  the  fact  that  in  health  the  skin  excretes  an  almost  neg- 
ligible quantity  of  C02  in  moderate  temperatures  (—29°  to  33°  C.)> 
but  that  the  quantity  is  doubled  when  34°  C.  is  reached,  the  watery 
secretion  increasing  pari  passu,  probably  by  reason  of  enhancement 
of  glandular  activities.  Only  in  diseased  conditions,  in  which  all  the 
compensating  activities  of  the  organism  are  called  upon  to  maintain 
life,  the  full  excretory  capacity  of  the  skin  comes  into  play.  In 
asthma  and  certain  heart  affections  in  which  the  respiration  is  em- 
barrassed to  the  point  of  danger  a  marked  increase  of  aqueous  vapor 
and  C02  has  been  noted.  Thus  is  the  patient  tided  over  impending 
suffocation.  Precisely  the  same  compensatory  activity  is  found  in 
the  enormous  excretion  of  urea  in  kidney  failure,  while  the  largest 
quantity  of  urea  recorded  in  health  is  2  per  cent  of  the  perspiration ; 
the  quantity  is  enormously  increased  in  cholera,  Unna  and  others 
having  reported  that  the  deposit  of  urea  crystals  may  be  scraped  off 
in  large  quantities.  Cases  are  also  reported  in  the  literature  of 
clinical  medicine,  in  which  various  pathogenic  organisms  have  been 
found  in  miliary  vesicles  and  in  the  perspiration,  streptococcus  albus 
and  aureus  and  diplococci.  The  maintenance  of  the  integrity  of  this 
function  becomes  a  matter  of  paramount  importance,  therefore,  when 
diseases  attack  the  body,  in  which  resisting  capacity  is  the  chief  pro- 
tecting asset  to  meet  the  impending  dangers. 

What  is  the  physiological  action  of  the  bath  ?  We  are  confronted 
with  a  very  large  subject  which  I  must  treat  briefly  on  account  of 
the  pressure  of  time.  Bathing  may  be  defined  as  the  act  of  applying 
water  to  the  skin.  The  activities  aroused  in  the  latter  are  due  to  the 
thermic  and  mechanical  excitation  of  the  nerve  terminals  and  vessels 
ramifying  through  the  cutaneous  area  which  are  subjected  to  this 
excitation.     Prolonged  observation  has  convinced  me  that  some  of 


Baructa.]  HYGIENE   OF   BATHING:    PUBLIC   BATHS.  537 

the  commonly  accepted  explanations  of  the  action  of  cold  water  and 
hot  water  upon  the  skin  are  erroneous.  Cold  water  has  been  hitherto 
regarded  as  conveying  to  the  skin  vessels  and  nerves  a  decided  irrita- 
tion which  is  transmitted  on  sensory  tracts  to  the  central  nervous 
system  and  thence  reflected  on  motor  tracts  to  the  various  organs, 
chiefly  those  of  respiration  and  circulation,  and  through  the  latter 
upon  secretion,  excretion,  and  tissue  change.  These  effects  have  been 
termed  reaction.  I  am  entirely  in  accord  with  this  view  so  far  as  it 
applies  to  very  brief  applications  of  cold  water. 

For  example,  when  a  healthy  individual  takes  a  cold  shower,  say 
of  a  temperature  of  15°  or  20°  C,  of  brief  duration,  this  rationale 
suffices;  it  also  would  explain  the  action  of  a  plunge  of  the  shortest 
possible  duration  into  water  at  that  or  a  lower  temperature.  But 
when  the  exposure  to  the  cold  water  is  prolonged  for  several  minutes, 
this  process,  which  I  have  termed  "  nerve  reaction,"  is  supplemented 
by  what  I  have  termed  the  vascular  reaction  which  is  not  general, 
but  local,  i.  e.,  the  thermic  excitation  is  exerted  upon  the  ganglia 
controlling  the  local  peripheral  vessels  and  the  unstriped  muscular 
fibers  which  form  a  network  or  web  with  the  elastic  fibers,  and  to- 
gether constitute,  according  to  Unna,  the  oblique  tensors  of  the  skin, 
and  which  together  with  the  arrectores  pilorum  control  the  blood 
supply  of  the  skin,  according  to  Tomsa  and  Sappey.  That  the  cuta- 
neous muscles  are  subject  to  contraction  by  cold  and  relaxation  by 
warmth  is  plainly  demonstrated  in  the  dartos  and  by  the  familiar 
cutis  anserina.  The  enormous  capillary  area  ramifying  in  the 
papillary  spaces  being  an  aggregation  of  epithelial  tubes  without 
riphery,  where  it  meets  resistance  which  enhances  the  ventricular  con- 
tracted muscular  web  surrounding  it.  The  blood  is  driven  from  this 
superficial  area  which  remains  partly  empty  (it  becomes  entirely 
empty  under  low  temperatures)  so  long  as  the  cold  water  surrounds 
the  skin.  The  vasomotor  stimulation  aroused  by  the  thermic  exci- 
tation primarily  induced  having  aroused  the  heart  to  increased  ac- 
tivity, the  latter  drives  the  blood  with  greater  force  toward  the  pe- 
riphery, where  it  meets  resistance  which  enhances  the  centricular  con- 
traction, thus  establishing  a  salutary  circle.  When  the  individual 
emerges  from  the  bath,  the  warm  blood  received  in  the  capillaries 
dilates  the  latter  and  removes  the  contracted  state  of  the  muscular 
fibers  surrounding  them.  This  frees  the  capillaries,  which  by  their 
normal  resiliency  are  now  enabled  to  dilate  and  under  the  increased 
ventricular  action  are  filled  beyond  their  normal  caliber.  The  skin 
assumes  a  ruddy  hue,  all  the  functions  are  stimulated,  and  there  is  a 
general  refreshment  and  invigoration.  Thus  tonic  reaction  ensues. 
That  this  theory  is  not  without  legitimate  basis  has  been  demonstrated 
by  an  experiment  made  upon  himself  by  Dr.  Heinrich  Wolf,  of  New 
York,  in  the  physiological  laboratory  of  the  College  of  Physicians  and 
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Surgeons.  Columbia  University,  under  observation  of  Prof.  Burton- 
Opitz.  A  plethysmograph  was  filled  with  water  at  46°  C.  after 
the  right  arm  had  been  inserted.  Nitrate  of  amyl  was  then  inhaled 
until  distinct  throbbing  was  felt  in  the  head.  The  volume  of  the  arm 
increased  decidedly.  The  plethysmograph  was  then  filled  with  water 
at  30°  and  nitrate  of  amyl  inhaled  until  its  physiological  action  was 
noted;  the  volume  of  arm  diminished,  although  the  characteristic 
pulsations  in  the  head  increased,  showing  that  the  dilation  of  the 
arterioles  of  the  skin  was  counteracted  by  the  effect  of  cold  on  the 
muscles  enmeshing  the  capillaries. 

This  rationale  of  the  action  of  cold  water  in  the  production  of  tonic 
reaction  which  is  the  most  important  element  of  the  hygiene  of  the 
cold  bath  reconciles  the  views  of  two  opposing  factions — one  repre- 
sented by  Wilhelm  Winternitz  of  Vienna,  who  has  held  tenaciously 
for  a  long  time  the  view  that  the  muscular  walls  of  the  arteries  and 
arterioles  of  the  skin  are  contracted  by  cold  baths,  and  that  after  the 
removal  from  the  latter  this  contraction  is  released  with  filling:  of 
these  vessels  to  repletion  by  reason  of  the  enhanced  vasomotor  ac- 
tion. This  idea  remained  undisputed  until  Mathes  pointed  out  that 
when  a  muscular  structure  contracts  it  is  a  tonic  process,  but  when 
it  dilates,  as  Winternitz  claimed,  it  was  passing  through  an  atonic 
process.  Nitrate  of  amyl,  for  instance,  produces  a  dilation  of  the 
outlying  arteries  and  arterioles  which  is  atonic  in  character.  My 
explanation  reconciles  these  opposing  views,  since  it  disposes  of  the 
error  that  the  arteries,  or  even  the  arterioles,  are  contracted  in  the 
ordinary  of  the  cold  bath.  Only  the  most  intense  and  persistent 
cold,  like  that  produced  by  ice  or  ethyl  chloride,  is  capable  of  reaching 
the  deeper  lying  vessels,  and  when  they  are  emptied  the  skin  becomes 
pallid,  and  if  continued  long  the  skin  dies.  A  brief  and  readily 
tolerated  application  of  the  cold  bath  never  produces  this  manifesta- 
tion ;  in  fact,  reaction  is  initiated  before  the  individual  emerges  from 
the  bath.  The  warm  bath,  on  the  other  hand,  relaxes  the  cutaneous 
muscular  structures,  permitting  a  dilation  of  the  capillaries  arising 
from  the  thermic  mild  stimulation  induced.  The  latter  ceases  very 
soon,  there  is  no  resistance  at  the  periphery,  the  increased  vascular 
area  in  the  skin  causes  diminution  in  the  internal  blood  supply ;  this 
condition  of  the  cerebral  capillaries  sometimes  giving  rise  to  faint- 
ing. There  is  a  hydrostatic  action  also,  as  ascertained  by  Schuller  in 
his  experiments  in  trephined  rabbits  and  confirmed  by  Vinaj  in  a 
trephined  man,  showing  that  when  the  cutaneous  vessels  are  con- 
tracted the  cerebral  vessels  are  dilated,  and  vice  versa.  We  have 
therefore  a  general  reaction  supplemented  in  prolonged  procedures 
by  the  Avascular  reaction  in  the  skin,  which  reacts  upon  the  general 
circulation. 


Baruch.] 


HYGIENE   OF    BATHING:    PUBUC    BATHS. 


539 


Another  remarkable  effect  of  the  bath  is  thai  cold  water  increases 
(he  number  of  red  and  white  blood  cells  taken  from  the  lobe  of  the 
ear  before  and  after  the  bath,  while  warm  water  increases  the  white 
cells  chiefly.  This  change  in  the  number  of  blood  cells  after  the 
bath  is  due  to  the  fluxion  produced  by  more  vigorous  cardiac  action, 
which  drives  these  cells  from  places  where  they  are  sluggishly  float- 
ing into  the  general  current,  thus  adding  to  the  invigorating  action 
that  exposure  of  a  larger  number  of  white  cells  to  oxygenation. 
Plaomoglobin  is  increased  10  to  20  per  cent  after  cold  baths,  and  not 
at  all,  or  reduced  after  warm  baths. 

The  influence  of  baths  on  the  respiratory  processes  is  pronounced. 
The  scapular  and  epigastric  reflex  areas  of  Head  being  connected 
with  the  first  seven  dorsal  ganglia  and  the  vasomotor  supply  of  the 
lungs  also  passing  through  the  roots  of  these  ganglise,  there  is 
doubtless  a  direct  connection  between  the  skin  of  the  upper  part  of 
the  trunk  and  the  circulation  of  the  lungs,  from  which  arise  altera- 
tions in  the  caliber  of  these  vessels  when  the  cutaneous  nerves  are 
stimulated  or  depressed  by  cold  or  hot  water  during  a  bath. 

It  is  not  surprising,  therefore,  that  Rubner  reports  that  short  baths 
at  low  temperatures  evoke  decided  changes  in  the  respiratory  proc- 
esses, as  follows : 


Bath. 


At  16° 

At30° 

At33° 

At40° 

At44° 

And  a  douche  of  16°  C . 


Volume 
of  air. 

co2. 

+22.9 
+  7.3 
+  1.8 
+  16.1 
+  18.8 
+54.5 

+  64.8 
+  31.0 
-    6.8 
+     3.9 
+  32.1 
+  149.4 

o. 


+  46.8 
+  16.2 
+  6.2 
+  3.2 
+  17.3 
+  110.1 


This  effect  disappeared  in  an  hour,  but  would  certainly  be  en- 
hanced by  exercise.  It  may  be  noted  that  when  the  normal  tempera- 
ture of  the  skin  is  approximated  by  the  bath  temperature  the  reac- 
tion is  at  its  minimum.  For  a  long  time  I  have  observed  this  fact, 
and  several  years  ago  I  formulated  a  law  to  this  effect.  The  in- 
tensity of  water  applications  to  the  skin  is  governed  chiefly  by  the 
difference  of  temperature  between  the  water  and  the  skin.  The  normal 
temperature  of  the  skin  after  removal  of  clothing  ranges  between  33° 
and  34°  C.  Rubner's  experiments  confirm  many  which  I  have  made, 
showing  that  the  greater  the  deviation  of  temperature  of  the  water 
from  that  of  the  skin  the  more  intense  is  the  primary  stimulation  of  the 
bath — and  this  holds  good  whether  the  temperature  goes  up  or  down. 
In  a  lecture  before  teachers  of  the  medical  schools,  in  Philadelphia, 
published  in  the  International  Clinic,  Prof.  Tyson  asked  why  it 
would  not  be  better,  according  to  my  law,  to  give  the  preference  to 
warm  water,  which  is  more  agreeable  than  cold  water.     The  answer  is 
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based  on  the  fact  that  in  the  first  place  cold  water  affords  a  latitude 
of  50°  (between  33°  skin  and  7°  C.  water)  while  hot  water  would 
scald  at  50°  C,  a  difference  of  17°  C.  (33°  skin  and  50'  b  water). 
Moreover,  water  a  few  degrees  below  50  would  produce  pain.  An- 
other objection  is  that  while  the  primary  action  of  cool  and  cold 
water  is  depressing,  the  secondary  effect — reaction — is  stimulating 
and  endures ;  the  contrary  effect  is  produced  by  warm  and  hot  water. 

The  law  I  have  enunciated  is,  like  other  natural  laws,  subject  to 
modification  by  certain  conditions ;  for  example,  the  reactive  capacity 
of  the  individual,  which  depends  upon  his  physical  and  mental  condi- 
tion; it  is  also  modified  by  frequent  repetitions  of  the  bath,  which 
inure  the  skin  to  the  acceptance  of  colder  or  hotter  water,  establish- 
ing what  I  have  termed  "  a  neurovascular  training,"  which  is  ex- 
tremely useful  in  the  treatment  of  nervous  diseases. 

This  law  is  also  modified  by  the  addition  of  friction  to  the  bath. 
The  mechanical  excitation  of  the  nerves,  vessels,  and  muscular  and 
glandular  structures  of  the  skin,  enhances  the  effect  of  the  bath, 
whether  the  friction  be  given  with  the  hand,  towel,  or  sponge,  or  by 
the  shower  under  strong  pressure. 

The  action  of  the  cold  bath  in  the  enhancement  of  muscular  capac- 
ity has  been  studied  with  the  ergograph  by  two  Italian  physicians, 
Drs.  Vinaj  and  Maggiora,  who  have  observed  a  trebling  of  the  power 
of  the  middle  finger  to  raise  a  small  weight  after  a  few  minutes' 
bath,  gradually  cooled  from  35°  to  20°  C,  or  after  a  shower  bath  of 
50- C.  They  have  also  noted  a  lowering  of  the  muscular  capacity 
after  tepid  baths,  but  an  elevation  of  it  when  the  warm  bath  was 
administered  with  friction,  as  in  a  strong  shower.  Their  findings 
have  been  confirmed  by  Dr.  J.  H.  Kellogg. 

This  is  a  point  in  the  hygienic  physiology  of  bathing  which  is 
worthy  of  note,  and  I  shall  refer  to  the  practical  application  in  public 
baths.  The  chief  action  of  the  ordinary  soap  and  water  bath  taken 
by  the  average  individual  as  a  hygienic  measure,  which  really  is  the 
principal  concern  of  hygiene,  depends  upon  the  extent  to  which  the 
briefly  mentioned  physiological  facts  are  applied.  That  this  type  of 
bath  does  not  fulfill  its  hygienic  function  by  cleansing  the  skin  alone, 
or  even  principally,  I  have  long  insisted  upon.  Some  persons  resort- 
ing to  the  daily  bath  do  not  require  cleansing  for  health ;  many  others 
who  are  soiled  by  exposure  to  dust,  dirt,  etc.,  do  need  it.  It  is  a 
readily  observed  fact  that  coal  heavers  and  others  whose  occupations 
cover  them  with  dirt  perspire  freely  and  do  not  suffer  from  what  is 
erroneously  called  obstruction  of  the  pores.  We  know  that  the  latter 
are  always  open  when  perspiration  is  ready  to  exude.  What,  then, 
is  the  hygienic  value  of  frequent  bathing?  My  answer  is,  firstly, 
the  stimulation  of  the  blood  vessels  and  nerves  of  the  skin,  which  I 
have  termed  neuro-vascular  training;  and,  secondly,  the  physical  and 
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mental  refreshment  resulting  from  this  physiologic  action.  Whether 
the  temperature  of  the  water  be  above  or  below  that  of  the  skin  the 
slight  thermic  stimulation,  aided  and  enhanced  by  friction,  produces 
this  effect.  As  a  result  the  entire  organism  is  refreshed.  The 
brightening  of  the  intellect  after  the  ordinary  morning  ablution 
testifies  to  the  correctness  of  this  view.  That  which  the  individual 
may  testify  to  is  confirmed  by  large  aggregations  of  people.  When 
we  contemplate  the  achievements  of  whole  nations  in  whom  the 
bathing  habit  is  an  established  custom  we  are  struck  by  this  fact. 
History  records  only  two  such  nations.  The  wonderful  military 
achievements  of  the  Roman  people  have  long  served  as  an  illustration 
which  was  ingeniously  referred  to  by  Prof.  Rubner  in  his  splendid 
address  on  dust  and  smoke.  Their  conquests  may  not  stand  in  corre- 
lation to  their  bathing  habits ;  perhaps  it  was  a  singular  coincidence. 
It  is  to  be  hoped  that  the  extreme  luxury  which  characterized  the 
Roman  bath  and  finally  contributed  to  their  overthrow  may  not  be 
lost  on  the  present  generation.  Many  wealthy  women  are  even  now 
indulging  excessively  in  warm  baths,  and  many  also  imitate  to-day 
the  dress  of  the  wealthy  Roman  women.  Pliny  inveighed  against 
the  immodesty  of  transparent  dresses,  displaying  the  female  form. 
It  is  to  be  hoped  that  the  lessons  of  history  will  not  be  lost  on  our 
women. 

Modern  history  almost  furnishes  a  control  experiment  upon  the 
influence  of  the  bathing  habit  of  nations.  The  Japanese  people,  who 
are  probably  more  active  bathers  than  were  the  Romans,  have 
achieved  the  most  marvelous  victories  in  modern  history  by  their 
superiority  in  discipline,  health,  and  all  the  qualities  of  manhood, 
and  this  despite  their  apparent  physical  inferiority,  over  the  Rus- 
sians, who  are  the  most  indifferent  to  bathing  among  civilized  peoples. 
Prof.  Peterson,  of  St.  Petersburg,  stated  before  the  Verein  fur 
Volksbaeder  that  the  average  Russian,  excluding  the  upper  classes, 
receives  a  bath  three  times  while  on  earth — when  he  is  born,  when  he 
is  married,  and  when  he  dies.  The  bathing  facilities  offered  to  the 
common  people  of  Japan  are,  as  is  well  known,  of  large  proportions. 
This  well-attested  historical  fact  would  prove  some  relation  of  the 
bathing  habit  to  great  military  and  commercial  achievement.  Not 
alone  in  war  was  this  striking  superiority  manifested,  but  in  peace 
also.  That  the  sanitary  condition  of  the  people  of  these  nations  at 
the  present  time  is  also  an  example  of  superiority  of  the  bathing 
nation  over  the  nonbathing  nations  is  evident  from  the  fact  that  while 
Japan  is  comparatively  free  from  infectious  disease,  Russia  is  a 
breeding  place  of  typhus  fever  and  cholera,  which  are  endemic  there 
at  all  times. 

This  brings  us  to  the  practical  application  of  the  principles  I  have 
discussed.     The  rain  bath,  devised  by  the  lamented  Oscar  Lassan,  is 
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the  only  mode  of  bathing  adapted  for  large  numbers.  Aside  from  its 
sanitary  advantages  over  tubs  and  plunges  by  reason  of  the  soiled 
water  flowing  away  and  thus  automatically  cleaning  the  bathroom, 
the  rain,  or  shower  bath,  as  we  call  it  here,  when  delivered  with  force 
from  a  good  pressure,  cleanses  the  skin  perfectly  when  soap  is  used, 
while  the  water  flows  away.  But  a  more  valuable  action  is  evoked 
by  the  thermic  and  mechanical  stimulation  of  the  nerves,  blood 
vessels,  and  muscles,  which  produces  a  refreshment  far  exceeding  the 
tub  baths.  In  concluding,  allow  me  to  say  that  the  United  States  of 
America  is  the  first  country  and,  so  far  as  I  know,  the  only  one  at 
present  which  has  followed  our  plea  to  make  the  public  bath  as  free 
as  the  public  park.  Last  year  about  11,000,000  workmen  and  their 
families  received  cleansing  and  refreshing  showers  in  the  12  public 
baths  of  New  York.  Many  other  cities,  notably  Chicago,  Pittsburgh, 
and  Boston,  offer  similar  facilities  for  this  hygienic  measure.  Thus 
have  we  given  practical  application  to  the  hygienic  physiology  of 
bathing  and  given  expression  to  the  preachment  of  John  Wesley, 
who,  quoting  from  the  Talmud,  said;  "  Cleanliness  is,  indeed,  next  to 
godliness,"  thus  has  been  verified  Baron  Justin  von  Liebig's  dictum. 
"  Soap  is  the  great  civilizer  of  man." 

That  mental  and  psychic,  as  well  as  physical,  hygiene  are  furthered 
by  bathing  was  testified  to  very  recently  by  New  York  City's  eminent 
school  superintendent,  Dr.  Maxwell,  who  placed  baths  before  libraries 
for  the  training  of  children  and  grown-ups. 

I  pray  that  the  multiplication  of  school  and  other  baths  may  give 
an  impetus  to  the  development  of  bathing  as  a  national  habit,  and 
that  these  United  States  may  be  aided  thereby  to  become  the  third 
shining  example  of  civic  greatness  in  the  history  of  the  world. 


IMPORTANCE  OF  HYDROTHERAPY  FOR  THERAPY  AND  HYGIENE, 
AND  THE  NECESSITY  OF  DOCTORS  TAKING  COURSES  THEREIN. 

Prof.  Dr.  Ludwig  Briegee  (Berlin). 

If  we  leave  out  purely  operative  medical  aid,  to  which  about  one- 
tenth  of  sick  patients  to  be  medically  treated  falls,  then  we  see  that 
medical  treatment  of  the  sick  with  the  products  of  chemistry  and 
botany,  has,  up  to  the  present  time,  been  given  a  preference.  As 
Herr  v.  Leyden,  however,  stated  in  his  speech  at  the  opening  of  the 
Congress  for  Internal  Medicine  in  1897,  "  Our  therap}^  no  longer 
depends  exclusively  upon  medicaments  and  prescriptions." 

It  was  in  consequence  of  this  that  more  special  attention  than 
before  was  now  given  in  the  doctor's  practice  to  nourishing  foods  for 
the  sick,  and  the  preparation  thereof  in  the  kitchen — which  we 
include  in  the  term  "  sick  diet  1  well  as  to  nursing. 
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Physical  therapy,  however,  remained  absolutely  neglected,  tlii- 
being  especially  the  case  with  hydrotherapy.  This  was  left  in  the 
great  majority  of  cases  to  the  laity.  The  merit  of  having  laid  the 
definite  foundations  belongs  incontestably  to  Wilhelm  Winternitz. 
since  he,  chiefly  through  his  own  experiments,  brought  the  law-  of 
physiology  on  thermal  and  mechanical  stimulus  into  relation  with 
hydriatic  procedure.  Winternitz's  pupils,  and  especially  Dr.  S. 
Baruch  (New  York)  and  other  investigators,  working  in  the  now  so 
flourishing  field  of  physical  therap}7,  have  built  up  and  extended  the 
doctrine  of  hydrotherapy  by  their  researches.  Water  treatment  can 
not  remove  the  causes  of  anatomical  disease,  and  hydrotherapy  must 
therefore  be  placed  on  the  same  footing  as  other  methods  of  treat- 
ment, such  as  are  used  for  again  stimulating  the  functions  of  the 
organs,  or  in  favorable  cases,  of  reestablishing  them.  The  skin 
serves  as  the  means  of  contact,  or  more  rarely  the  externally  acces- 
sible cavities  of  the  body.  In  some  cases  water  is  internally  incor- 
porated with  the  body  through  the  mouth  and  stomach  in  a  strictly 
prescribed  and  methodic  manner.  Water,  for  healing  purposes, 
when  applied  exteriorally  is  used  in  fluid  form,  or  as  steam,  or  ice. 
Experience  in  water  treatment  is  then  of  service  as  regards  the  stimu- 
lus, which  water  of  different  temperatures  calls  forth,  and  also  as 
regards  the  mechanical  stimulus  effected  by  the  height  of  fall  or 
pressure  when  working  upon  the  body,  as  well  as  by  a  rubbing, 
kneading  motion,  carried  out  on  the  patient  externally,  while  sitting 
in  the  water.  All  these  measures  are  exactly  calculated  and  appor- 
tioned by  doses.  Hydrotherapy,  then,  consists  in  the  art  of  meas- 
uring thermal  and  mechanical  stimulus  so  exactly,  as  to  produce  a 
soothing  or  stimulating  effect,  according  to  desire.  This  stimulus, 
then,  can  be  directed  in  fine  nuances  over  the  whole  body  or  over 
definite  portions  only. 

Every  skillfully  carried  out  procedure  by  water  must  arouse  a 
feeling  of  comfort  in  the  patient.  Under  no  circumstances  must  he 
be  allowed  to  take  a  chill  afterwards,  but  on  the  contrary  a  pleasant 
feeling  of  warmth  must  course  through  his  veins.  This  so-called 
reaction,  that  is,  the  rewarming,  gives  us  a  guaranty  in  all  cases  of 
properly  conducted  treatment  by  water.  This  ought  to  increase  the 
richness  of  the  blood  of  the  skin  and  thereby  remove  inflamed  and 
overloading  matter  from  the  internal  organs.  Skillful  alternation  of 
cold  and  warmth  stimulates  the  skin  and  buttock  muscles  in  a  gym- 
nastic sort  of  way,  and  is  then  the  better  able  to  withstand  external 
influences.  The  activity  of  the  skin  is  hereby  improved  and  enabled — 
partly  at  least — to  substitute  those  extremly  delicate  secretive  organs, 
the  kidneys,  and  consequently  to  remove  substances  from  the  body, 
which  if  left  therein,  would  lead  to  poisoning  and  death.  The  accel- 
eration of  the  circulation  and  respiration  after  application  of  water 
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conducts  more  air  and  thereby  more  oxygen  to  the  interior  of  the 
body,  and  at  the  same  time,  improves  powers  of  digestion  and  the 
whole  condition  as  regards  nutrition. 

In  consequence  of  the  lowering  of  a  threatened  rise  in  tempera- 
ture ;  of  the  strengthening  of  the  natural  weapons  of  protection  and 
resistance,  direct  and  reflex;  of  the  favorable  influencing  of  the 
nervous  system,  as  well  as  of  the  heart,  cure  by  water  treatment  has 
already  for  ages  been  extensively  used  successfully  in  fighting  all 
infectious  diseases,  as  well  as  in  the  so-called  children's  diseases, 
measles,  scarlatina,  etc. 

Hydrotherapy  makes  use  of  water  in  the  form  of  hot  or  cold  full 
baths,  hip  baths,  and  wet  packs,  which  act  in  a  more  soothing  manner ; 
while  rubbings,  shower  baths,  ascending  douches,  cold-plunge  baths — 
of  others — serve  to  stimulate.  The  great  host  of  wet  partial  com- 
presses, local  douches,  affusion,  cooling  apparatus,  etc.,  completes 
the  equipment  of  cure-by-water  treatment.  Other  branches  of  physi- 
cal therapy,  such  as  electricity,  massage,  curative  gymnastics,  and 
light  therapy  are  also  made  use  of,  as  required,  in  connection  with 
the  use  of  water. 

Hydrotherapy  is  now  proving  itself,  in  practice,  serviceable  and  of 
benefit  in  all  branches  of  medicine,  in  surgery,  in  gynecology,  in 
dermatology,  in  treatment  of  the  ears  and  eyes,  and  above  all  in 
internal  medicine. 

It  would  naturally  be  quite  impossible  within  the  limits  of  this 

paper  to  more  than  touch  upon  the  clinic  of  hydrotherapy  to  quite  a 

slight  extent,  and  I  shall  therefore  confine  myself  to  briefly  picking 

out  at  random  some  groups  of  diseases,  to  show  that  therapeutic 

treatment  of  hydrotherapy  acts  entirely  in  accordance  with  biological 
laws. 

The  fine  gradations  and  adjustments  of  treatment  by  water  enable 
hydrotherapy  to  become  an  excellent  means  of  fighting  against  dis- 
turbances in  the  activity  of  the  brain  and  spinal  marrow,  just  accord- 
ing as  they  are  met  with  as  overstimulus  or  laxness.  Hydrotherapy 
invests  us  with  the  power  of  allaying  pain,  inducing  sleep,  and  in 
addition  thereto,  possesses  a  means  of  rousing  patients  out  of  a  state 
of  lethargy,  as  well  as  of  freeing  them  from  gloomy  reflections. 
Hydrotherapy  is  valuable  therefore  as  a  suitable  field  of  operation 
for  those  suffering  from  neurasthenia  and  neurosis;  some  cases  of 
phsychosis,  such  as  melancholia  and  mania,  are  also  favorably  in- 
fluenced by  certain  hydrotherapeutic  measures. 

It  would  be  going  far  outside  the  limits  of  a  paper  like  this  were 
I  to  go  into  all  the  particulars  of  the  hydriatic  treatment  of  organic 
diseases  of  the  nerves,  as  my  institute  in  fulfilling  its  object  has  to  do, 
so  I  will  therefore  confine  myself  to  quite  a  brief  survey  of  the 
hydriatic  treatment  of  tabes  dorsalis,  the  most  frequent  of  all  spinal 
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diseases.    Here  the  first  thing  of  importance  is  to  lower  the  tendency 
to  excitement  and  pain. 

The  capability  of  reaction  of  the  tabes  sufferer  must  ever  be  kept 
strictly  under  observation  and  the  intensity  and  duration  of  the 
process  be  guided  thereby. 

In  addition  to  full  baths,  hip  baths  of  from  34°  to  30°  C.  without 
friction,  but  with  gentle  affusion  are  used  (Winternitz).  As  a 
remedial  tonic,  in  accordance  with  Hosslins's  directions,  I  let  this  be 
followed  by  a  short  cold  stimulus  in  the  form  of  ablution  or  slapping 
of  the  nether  extremities,  this  lasting  only  6  or  8  seconds,  and  being 
carried  out  while  sitting.  Hydrotherapy  possesses  in  hip  baths  of 
from  34°-37°  C.  and  of  long  duration,  in  stimulating  compresses  or 
steam  bottles — the  stomach  remedy  of  Winternitz — and  so  forth, 
remedial  aids  against  painful  crises  and  the  lancinating  pains  of  tabes, 
sufficient  to  often  help  the  afflicted  one  over  his  martyrdom. 

We  have  also  seen  the  troublesome  and  disturbing  symptoms  of 
complex  sclerosis  improve  under  the  influence  of  the  hip-bath  treat- 
ment above  mentioned.  I  have  already  pointed  out  the  superiority  of 
physical  therapy,  and  especially  of  hj^drotherapy,  over  all  other 
methods  of  treatment  in  neuralgia,  and  particularly  so  in  that  of  the 
sciatic  nerve. 

Superficial  neuralgia  is  favorabty  acted  upon  by  electric  rays,  or  in 
conjunction  with  a  complete  rubbing;  while  persons  who,  in  spite  of 
all  medications,  injections  and  baths,  medicines,  electrizing,  etc.,  still 
suffer  from  such  severe  sciatica  that  they  are  almost  bent  double,  can 
be  again  restored  by  my  special  form  of  motion  baths.  We  will  let 
this  fragmentary  survej^  of  hydriatic  treatment  in  nervous  diseases 
suffice.  I  should  not  like  it,  however,  to  be  supposed  that  I  by  any 
means  consider  hydrotherapy  to  be  a  universal  panacea  for  all  ills, 
but  I  do  say  that,  as  a  symptomatic  remedy,  the  exact  methods  of 
healing  by  water  with  its  so  simple  and  in  all  its  external  relations 
so  adaptable  a  technique,  should  alone,  or,  according  to  circumstances, 
also  in  conjunction  with  our  other  means  of  treatment,  have  more 
attention  paid  to  it  in  medical  practice  than  has  hitherto  been  the 
case.  I  will  here  only  just  touch  upon  some  groups  of  disease,  so  as 
not  to  take  up  your  time  too  much. 

The  treatment  of  diseases  of  the  muscles  of  the  joints  by  means  of 
hydrotherapy  is  one,  however,  that  will  well  repay  attention.  We  use 
for  this  an  application  of  hot  fomentation,  special  preference  being 
given  the  combination  of  the  steam  douche  with  massage  and  bodily 
movements — the  so-called  steam-douche  massage.  The  diseases  of  the 
joints,  which  are  most  clearly  indicated  for  steam-douche  massage, 
are  those  arising  from  rheumatism,  gout,  and  especially  from  gonor- 
rhea— particularly  of  the  monoarticular  form.  The  most  noteworthy 
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of  these,  gonarthritis,  with  or  without  brachial  neuralgia,  as  well  as 
coxitis,  and  all  other  monoarticular  affections  of  the  joints,  have 
proved  themselves  well  adapted  practically  for  our  therapy. 

Naturally  there  are  definite  limits  to  recovery  in  cases  of  very  ad- 
vanced suffering  from  the  joints.  I  will  also  take  this  opportunity  of 
remarking  that  certain  affections  of  the  joints  defy  every  kind  of 
treatment  by  warmth,  and  that  it  is  just  here  that  intensive  wet  cold 
treatment,  especially  in  the  form  of  wet  sheets  (Longuetten),  has 
proved  itself  helpful.  In  the  subsequent  treatment  of  traumatic  joint 
affections,  distortions,  bone  fractures,  etc.,  we  ought  on  no  account  to 
omit  shower  baths  to  allay  the  pain,  to  soften  the  tissues,  and  especially 
as  a  preparation  for  the  massage  and  gymnastics  to  follow. 

Favorable,  too,  has  also  been  the  experience  made  with  the  hydriatic 
in  cases  of  lung  and  heart  disease.  Thus,  A.  Fraenkel,  with  whom  I 
cordially  agree,  regards  hydrotherapy  as  absolutely  essential  in  the 
treatment  of  asthma;  and  in  tuberculosis  therapy,  hydrotherapy,  is 
of  the  greatest  importance  as  functional  therapy. 

The  effect  of  hydrotherapy  in  certain  cases  of  heart  disease  is  de- 
scribed b}^  the  Nauheim  doctors,  Julius  Hoffmann  and  Ludwig  Pohl- 
mann,  as  perfectly  astounding. 

It  would  lead  me  much  too  far  to  go  into  other  diseases,  as  it 
can  not  here  be  my  task  to  give  a  clinic  of  hydrotherapy.  I  should, 
however,  like  to  emphasize  the  fact  that  the  use  of  hydriatic  healing 
powers  requires  patience  and  perseverance.  Certain  inmates  of  in- 
firmaries have  been  partially  or  entirely  restored  to  their  calling 
through  a  rational  use  of  hydrotherapy,  and  in  this  manner  a  burden 
is  taken  off  the  community  and  rational  welfare  is  promoted  thereby. 

Hydrotherapy  is  not  only  of  medical  importance,  since  it  con- 
duces also  to  the  promotion  of  culture  and  the  maintenance  of  health. 
The  necessity  of  regular  ablution  was  already  known  to  the  most 
ancient  nations  of  culture,  and  even  in  the  dark  middle  ages  great 
care  of  the  skin  and  body  was  taken  in  baths  erected  at  public  cost. 
Regular  ablution  assists  blood  circulation  and  lends  to  the  skin  a 
natural  gloss,  as  well  as  an  incomparable  softness  and  suppleness. 
I  have  formerly  stated  that  individual  hygiene  in  conjunction  with 
strict  public  hygiene  would  enable  mankind  to  reach  a  very  ripe 
old  age.  Since,  as  products  of  our  environment,  we  have  to  accom- 
modate ourselves  to  it,  by  accustoming  ourselves  to  heat  and  cold, 
we  can  best  do  this  by  a  hardening  process,  always,  however,  to  be 
undertaken  under  medical  supervision.  The  water  and  air  bath 
enables  the  pores  of  the  skin  to  strongly  contract  and  thereby  protect 
the  body  from  cooling  off  and  therefore  from  catching  cold. 

This  survey  of  the  importance  of  hydrotherapy  ought  surely  to 
prove  conclusively  the  necessity  of  medical  schooling  and  of  medical 
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practice  therein,  since  hydrotherapy  can  only  be  of  use  in  the  hands 
of  a  medical  man  well  versed  in  it. 

The  necessity,  therefore,  of  molding  hydrotherapy  to  the  service 
of  the  doctor  in  his  practice  is  making  itself  felt  ever  more  and  more. 
When  I  took  over  the  institute  of  the  university  on  the  premises 
of  the  Charite  in  Berlin  in  1901  I  had  much  opposition  to  overcome, 
especially  from  doctors.  Just  about  the  same  thing  happened  dur- 
ing the  earlier  development  of  bacteriology,  when  the  greatest  and 
bitterest  opposition  came  from  the  highest  authorities.  My  institute 
now  has,  out  of  pure  necessity,  been  extensively  enlarged. 

The  Virchow  Hospital  of  Berlin  has  fitted  up  a  hydrotherapeutic 
institute  under  the  conduct  of  Laquer,  who  was  my  assistant  for 
many  years.  Here  is  proof  that  hydrotherapy  has  gained  more 
adherents  in  spite  of  all  opposition,  and  we  see  new  institutes  aris- 
ing in  increasing  numbers,  Zurich  University  amongst  them,  at  the 
head  of  which  is  my  former  pupil,  Prof.  Sommer.  The  whole  of 
the  Prussian  University  clinics  and  the  majority  of  other  German 
universities,  sanatoria,  balneotherapeutic,  and  watering  places  are 
zealously  vying  with  each  other  in  establishing  hydrotherapeutic 
establishments. 

The  central  commission  for  all  the  sick  clubs  of  Berlin  and 
suburbs,  with  1,000,000  members,  decided  to  fit  up  an  institute  simi- 
lar to  the  Hydrotherapeutic  Institute  of  the  Berlin  University,  under 
its  President  Simanowski,  for  hydrotherapeutic  and  physical  treat- 
ment of  its  members.  This  institute  also  is  under  my  direction  and 
is,  on  an  average,  visited  by  more  than  200  club  members  daily. 
In  France,  too,  they  are  beginning  to  found  self-supporting  hydro- 
therapeutic institutes,  in  pattern  similar  to  mine,  in  the  Hotel  Dieu 
and  elsewhere. 

The  German  Army  has  also  some  hydrotherapeutic  institutes,  the 
best  of  which  is  the  so-called  Officers'  Home,  at  Falkenstein,  Am 
Taunus,  under  the  direction  of  a  former  assistant  of  mine,  Ober- 
stabsarzt  Dr.  Krebs. 

Gentlemen,  no  further  statements  are  surely  needed  to  prove  the 
necessity  of  treatment  by  water. 

These  facts  prove  conclusively  that  a  wider  space  for  medical  train- 
ing in  hydrotherapy  must  be  made,  since  it  is  no  longer  the  rich 
only  who  are  treated  in  specialists'  homes,  but  the  special  institutes 
of  the  sick  clubs,  now  being  fitted  up  everywhere,  prove  above  all 
things  the  necessity  of  a  knowledge  of  hydrotherapy  by  the  doctor. 

Too  long  has  this  important  branch  been  neglected  and  left  to 
cure  muddlers,  to  the  injun^  of  mankind  and  of  the  doctor.  This, 
however,  has  now  been  changed,  and  must  remain  so.  to  the  welfare 
of  mankind  and  to  the  advantage  of  the  doctor. 
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DISCUSSION. 

Br.  J.  H.  Kellogg:  Water  is  the  oldest  and  most  valuable  of  all 
remedial  measures.  It  was  largely  employed  by  the  ancient  Egyp- 
tians and  is  habitually  used  by  the  savage  tribes  and  by  wild  animals. 
A  hundred  years  ago  the  eyes  of  the  whole  world  were  turned  toward 
Graefenberg,  a  mountain  village  in  Austrian  Silesia,  by  the  marvelous 
cures  effected  by  Priessnitz,  a  peasant  doctor,  by  the  use  of  water. 
Many  eminent  physicians  followed  the  thousands  of  sick  people,  who 
flocked  to  Graefenberg  from  all  over  the  civilized  world,  for  the  pur- 
pose of  studying  the  methods  used  and  learning  the  secret  of  the 
success  of  the  illiterate  empyric  whose  fame  as  a  healer  had  extended 
throughout  the  world.  • 

About  50  years  ago  Winternitz,  of  Vienna,  visited  Graefenberg 
and  began  the  study  of  hydriatic  processes,  a  study  which  laid  the 
foundation  of  scientific  hydrotherapy.  Nearly  40  years  ago  Dr. 
Baruch,  of  New  York,  began  writing  papers  on  the  subject  in  this 
country.  His  physiologic  and  clinical  researches  entitled  him  to  be 
called  the  Winternitz  of  America. 

Prof.  Dr.  Brieger  has  been  for  many  years  doing  in  Berlin  the 
same  work  which  Winternitz  has  done  in  Vienna,  and  through  his 
efforts  the  teaching  of  rational  hydrotherapy  has  been  introduced 
into  the  curricula  of  all  the  leading  German  universities. 

Dr.  Baruch  rendered  a  public  service  of  the  highest  importance  in 
establishing  in  New  York  years  ago  the  first  public  baths  in  this 
country,  an  example  which  has  been  followed  in  many  of  our  lead- 
ing cities.  The  movement  is  rapidly  extending  and  it  is  to  be  hoped 
will  continue  until  not  only  every  city  but  every  public  school  shall 
be  provided  with  douche  and  swimming  baths. 

The  able  papers  of  Drs.  Baruch  and  Brieger  presented  this  morn- 
ing set  forth  physiologic  facts  and  principles  of  inestimable  impor- 
tance in  prophylactics  and  therapeutics.  The  neuro-vascular  train- 
ing effected  by  the  cold  bath  mentioned  by  Dr.  Baruch  is,  next  to 
diet,  the  most  efficient  of  all  known  means  of  favorably  influencing 
nutrition  and  the  most  potent  measure  which  can  be  applied  for 
building  up  the  resistance  of  the  tissues. 

By  proper  hydriatic  applications  it  is  not  only  possible  to  increase 
leucocytosis  and  general  vital  resistance,  but  to  control  the  blood 
supply  and  the  function  of  every  organ  of  the  body.  By  a  score  of 
hydriatic  methods  pain  may  be  relieved;  a  multitude  of  different 
applications  induce  sleep,  encourage  elimination,  increase  or  decrease 
metabolic  activity,  and  raise  or  lower  blood  pressure.  No  other 
remedy  known  to  man  possesses  half  the  versatility  and  range  of 
application  which  the  hundred  or  more  classical  hydriatic  procedures 
permit  in  the  hands  of  an  expert. 
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Water  is  the  most  valuable  of  all  remedial  agents,  and  the  able 
papers  of  Drs.  Baruch  and  Brieger  will  increase  the  knowledge  and 
appreciation  of  its  use. 

Dr.  Plonies:  The  treatment  of  diseases  and  troubles  of  the  body 
by  the  hydrotherapeutic  way  is  too  symptomatic.  We  must  always 
look  for  other  reasons  by  careful  examination  in  the  first  place  to 
remove  a  disease  or  trouble,  although  the  baths  help  us  in  removing 
the  troubles  in  some  way  and  some  diseases. 

Prof.  Brieger:  Hydrotherapy,  like  other  modes  of  treatment, 
should  be  regarded  as  meeting  the  manifestations  of  the  disease. 
The  removal  of  the  causes  of  diseases  is  rarely  accomplished.  Bac- 
teriology has  so  far  accomplished  little  for  etiological  therapeutics. 
My  efforts  have  long  been  in  this  direction.  Only  to-day  I  addressed 
Section  VIII  on  the  cure  of  trypanosome  affections,  for  which  I  have 
discovered  a  new  principle  of  treatment.  After  removal  of  the  cause 
the  symptoms  must  be  treated,  and  herein  lies  the  value  of  hydro- 
therapy. One  should  not  be  satisfied  with  phrases,  they  have  never 
furthered  progress.  On  the  contrary,  the  dignity  of  the  profession 
has  been  injured  thereby. 

Dr.  Baruch  said  he  would  pour  oil  on  the  troubled  waters  by 
stating  that  efforts  to  remove  the  cause  of  disease  do  not  preclude 
the  application  of  remedies  which  will  carry  the  case  to  a  success- 
ful issue.  Water  is  of  immense  value  for  aiding  nature  to  cure 
disease.  The  mortality  of  typhoid  fever  has  been  reduced  from 
22  to  3  per  cent  in  the  Munich  hospitals  of  the  army  by  strict 
and  systematic  cold  bathing.  The  statistics  of  this  hospital  are 
the  most  reliable  in  medicine  because  they  are  collated  from  8,500 
cases  in  individuals  (soldiers)  of  the  same  sex,  age,  eating  the 
same  food,  doing  the  same  work,  and  over  a  period  of  40  years,  which 
includes  all  kinds  of  meteorological  and  other  periods.  One  word 
about  the;  teaching  of  hydrotherapy  in  this  country.  The  United 
States  is  the  only  country  in  which  a  distinct  chair  is  given  to  hydro- 
therapy in  two  medical  schools.  I  declined  to  accept  the  chair  in 
Columbia  University  unless  the  study  of  hydrotherapy  was  made 
obligatory  by  section  teaching  and  final  examinations.  Every  grad- 
uate must  pass  my  examination  in  order  that  he  may  be  able  to 
teach  nurses  the  various  hydrotherapeutic  procedure.  In  Germany 
the  course  is  elective,  and  I  have  attended  Dr.  Briegers  and  other 
clinics  with  a  great  deal  of  benefit  and  pleasure. 


THURSDAY  MORNING,  SEPTEMBER  26,  1912. 

COST  AND  NUTRITIVE  VALUE  OF  FOODS. 

Dr.  C.  F.  Langworthy,  Chief  of  Nutrition  Investigations,  United  States  De- 
partment of  Agriculture,  Washington,  D.  C. 

In  the  United  States,  work  which  has  to  do  with  the  nutritive  and 
economic  value  of  food  has  been  actively  carried  on  for  many  years 
under  a  variety  of  auspices  including,  among  others,  the  National 
Government,  State  and  municipal  authorities,  universities,  and 
agricultural  and  other  colleges,  agricultural  experiment  stations, 
public  institutions,  and  private  and  endowed  institutions  and  labora- 
tories. In  the  five  years  since  the  Fourteenth  International  Con- 
gress on  Hygiene  and  Demography  was  held,  the  product  has  been 
large  and  varied.  With  the  view  of  giving  an  idea  of  its  character 
and  scope,  a  survey  has  been  made  of  such  nutrition  work  as  has  to 
do  with  the  composition  of  food  as  determined  by  proximate  analy- 
sis, and  by  more  detailed  analyses,  as  affected  by  conditions  of  pro- 
duction, handling,  storage,  and  manipulation;  and  with  nutritive 
value  as  related  to  ease  and  thoroughness  of  digestion,  the  utiliza- 
tion of  nutrients  and  energy  in  the  body,  and  related  topics.  Some 
special  studies  have  also  been  included,  and  an  attempt  is  made  to 
gather  together  at  least  the  more  extended  of  the  numerous  studies 
reported  of  the  cost  of  food  and  other  economic  studies. 

Like  any  such  collection  of  data,  this  summary  is  necessarily  selec- 
tive, rather  than  complete,  and  references  are  for  the  most*part  brief 
and  designed  to  show  where  work  may  be  found  and  its  nature, 
rather  than  its  details  and  conclusions.  Much  work  which  might 
have  been  cited  is  not  referred  to  at  all  or  only  briefly  mentioned  as, 
without  doubt,  it  will  be  presented  to  the  Congress  at  some  one  of 
its  sessions  by  investigators  who  have  carried  it  on. 

STUDIES  OF  FOOD  AND  FOOD  PRODUCTS. 

Many  studies  have  been  made  of  the  proximate  composition  of 
food  products,  and  of  the  effect  upon  the  nutritive  value  and  quality, 
of  methods  of  cultivation,  of  manufacture  by  various  processes,  and 
of  handling.  As  a  part  of  national  and  State  inspection  under  pure- 
food  laws,  hundreds  of  more  or  less  complete  proximate  analyses 
have  been  made  also. 
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The  commercial  value  of  different  varieties  of  wheat  has  been 
studied,  including  analyses  and  milling  and  baking  tests  under  many 
conditions,  variations  in  composition  and  quality  in  different  locali- 
ties, particularly  with  reference  to  the  effect  of  the  climatic  condi- 
tions, new  varieties,  cultural  methods,  and  so  on.  Such  work  has 
been  done  by  E.  F.  Ladd  and  Emily  E.  May,1  also  by  L.  M.  Thomas, 
of  the  North  Dakota  Experiment  Station.  Similar  tests  have  been 
made  by  E.  F.  Ladd  and  C.  H.  Bailey,2  by  R.  W.  Thatcher,3  by 
L.  R.  Waldron,4  with  California  wheats  by  G.  W.  Shaw  and  A.  J. 
Gaumnitz,5  and  with  a  variety  of  wheats  by  F.  D.  Gardner.6  The 
future  wheat  supply  of  the  United  States  is  discussed  by  M.  A. 
Carleton,7  on  the  basis  of  statistical  data.  Data  on  the  effect  of 
climatic  conditions  on  the  composition  of  durum  wheat  are  discussed 
by  J.  A.  Le  Clerc.8 

Tempering  durum  wheat  by  moistening  to  improve  its  milling 
qualities  was  found  practicable  by  E.  F.  Ladd  and  Alma  K. 
Johnson.9 

Results  of  milling  and  baking  tests  with  spelt  made  by  E.  F.  Ladd 
and  Alma  K.  Johnson 10  are  favorable  to  its  use  for  human  food. 

G.  A.  Olson11  studied  the  effects  of  soaking  and  germination  of 
wheat  on  the  distribution  and  yield  of  milling  products,  quality  of 
flour,  and  bread-making  properties.  Analyses  of  domestic  and  for- 
eign diabetic  products  in  comparison  with  wheat  flour  are  presented 
by  D.  W.  Fetterolf.12  An  experimental  study  of  the  starch  grain 
was  made  by  H.  Kraemer.13  He  concludes  that  the  grain  consists  of 
colloidal  and  crystalloidal  substances,  for  the  most  part,  arranged  in 
separate  and  distinct  lamellae.  In  the  alternate  lamellae  the  colloidal 
substance  predominates,  associated  with  crystalloidal  cellulose;  in 
the  other  layers,  the  crystalloidal  substance,  consisting  chiefly  of 
granulose,  occurs  in  greater  proportion. 

The  influence  of  a  number  of  chemical  substances  and  milling  by- 
products, as  well  as  germination  of  wheat,  on  the  baking  qualities 
of  flour,  were  studied  by  J.  T.  Willard  and  C.  O.  Swanson.14 

Experiments  with#  salt-rising  bread  in  comparison  with  bread 
made  from  yeast  were  made  by  H.  A.  Kohman.15 

The  composition  of  a  sample  of  alfalfa  bread  made  from  a  mixture 
of  dried  ground  alfalfa  and  flour  which  has  had  much  popular  notice 
is  given  by  J.  P.  Street,16  as  follows:  Water  20.48  per  cent,  protein 
10.62  per  cent,  fat  1.32  per  cent,  nitrogen-free  extract  63.98  per  cent, 
crude  fiber  0.95  per  cent,  and  ash  2.65  per  cent. 

R.  O.  Baird  and  C.  K.  Francis 17  have  studied  the  chemical  compo- 
sition of  Kafir  corn  in  comparison  with  Indian  corn,  particularly 
with  reference  to  proximate  composition,  the  composition  of  the 
nitrogen-free  extract,  the  character  of  the  fat  and  ash  constituents, 
and  other  properties.    According  to  their  summary,  proximate  analy- 
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sis  shows  that  Kafir  corn  compares  favorably  with  Indian  corn,  and 
they  conclude  that  it  is  a  cheap  foodstuff. 

Many  studies  of  cane  sugar,  beet  sugar,  maple  sugar,  and  honey 
have  been  reported. 

C.  A.  Browne,  jr.,  and  E.  E.  Blouin18  have  made  an  exhaustive 
study  of  the  parts  of  the  sugar  cane  and  of  the  plant  ash.  G.  W. 
Shaw 19  found  no  considerable  difference  for  canning  and  preserving 
under  commercial  and  household  conditions  between  beet  and  cane 
sugar. 

Maple  sap,  sirup,  and  sugar  have  been  studied  by  H.  A.  Edson,20 
A.  H.  Bryan,21  and  A.  P.  Sy.22 

Analyses  of  American  honeys  are  presented  by  C.  A.  Browne,23 
and  a  microscopical  study  of  honey  pollen  by  W.  J.  Young.24 

A  number  of  studies  of  meat,  eggs,  cheese,  and  other  animal  foods 
have  appeared. 

P.  F.  Trowbridge  and  C.  K.  Francis25  have  studied  the  glycogen 
content  of  beef  flesh  and  methods  of  estimating  it.  From  their  re- 
sults, they  believe  it  possible  that  the  older  the  animal  the  greater  the 
tendency  to  store  glycogen,  all  animals  3  years  old  or  over  showing 
more  than  1  per  cent  in  the  liver.  The  percentage  of  glycogen  of 
beef  muscle  varied  from  0.1  per  cent  to  0.7  per  cent,  and  of  beef  liver 
from  0.2  per  cent  to  3.8  per  cent,  respectively. 

Market  classes  and  grades  of  meat  have  been  studied  by  L.  D. 
Hall.26  Similar  work  has  been  published  by  P.  F.  Trowbridge.27 
Nitrates  in  animal  and  vegetable  foods  have  been  studied  by  W.  D. 
Richardson.28  Analyses  of  beef  extracts  and  yeast  are  reported  by 
F.  C.  Cook,29  J.  P.  Street,30  and  others. 

Digestion  experiments  on  the  utilization  of  the  proteins  of  ex- 
tractive-free meat  powder  and  the  origin  of  the  fecal  nitrogen  are 
summarized  by  L.  B.  Mendel  and  M.  S.  Fine,31  thus : 

The  utilization  of  the  nitrogen  of  meat  powder  is  distinctly,  although  slightly, 
lower  than  that  of  fresh  meat.  The  relatively  high  nitrogen  concentration  of 
the  meat-powder  feces  is  indicative  of  a  loss  of  this  material  through  the 
excrement. 

The  sea  mussel  was  found  to  be  a  valuable  food  by  I.  A.  Field.32 
Dogfish,  sand  shark,  toadfish,  etc.,  were  also  studied  as  food  by  I.  A. 
Field.38 

On  the  basis  of  experimental  work,  copper  was  considered  to  be  a 
normal  constituent  of  American  oysters  by  J.  T.  Willard.34 

Bacteriological  and  chemical  studies  of  eggs  are  reported  by  Mary 
E.  Pennington,35  and  chemical  analyses  of  eggs  are  reported  by  J.  T. 
Willard  and  R.  H.  Shaw.8fl  In  addition  to  the  usual  determinations. 
Willard  and  Shaw  37  report  phosphoric  acid  in  the  yolk  (average  1.43 
per  cent)  and  ash  in  the  yolk  (average  1.57  per  cent),  and  the  ratio 
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of  these  two  constituents  1 : 1.09.    The  average  thickness  of  the  shells 
was  found  to  be  0.0139  inch. 

Changes  in  the  composition  of  Cheddar  cheese  were  studied  by  L.  L. 
Van  Slyke  and  A.  W.  Bosworth,38  and  chemical  studies  of  Camembert 
cheese  are  reported  by  A.  W.  Bosworth.30 

A  brine-soluble  compound,  always  associated  with  calcium,  was 
found  in  ripening  Cheddar  cheese  by  L.  L.  Van  Slyke  and  A.  W. 
Bosworth.40 

Small  white  specks  in  Roquefort  cheese  were  found  to  be  ty rosin, 
and  not  calcium  soaps  of  fatty  acids,  by  A.  W.  Dox.41 

The  manufacture  of  buttermilk  is  described  by  J.  L.  Sammi 
and  of  "  whey  butter  "  by  C.  F.  Doane.43 

G.  A.  Olson44  finds  a  new  proteid  in  milk,  cream,  and  butter. 

The  cultivation,  transportation,  and  shipment  of  fruits  and  nuts 
have  been  studied  more  than  their  composition,  food  value,  and  use. 
Cactus  fruits,  or  "  tuna,*'  were  studied  by  R.  F.  Hare  and  D.  Grif- 
,fiths;45  Italian  lemons  by  E.  M.  Chace;4G  and  various  fruits  and  nuts 
Dy  W.  R.  Lazenby.47  Lazenby  48  reports  less  than  80  per  cent  water 
in  undeveloped  strawberries,  peaches,  and  apples  as  compared  with 
90  per  cent  in  fine  but  not  overgrown  specimens;  and  92  per  cent 
water  in  fine,  large  peaches  in  comparison  with  84  per  cent  in  small 
peaches  of  the  same  variety.  Grapes  were  studied  by  W.  B.  Alwood  49 
e-t  al.,  particularly  with  reference  to  the  occurrence  of  sucrose  and 
variations  in  the  sugar  and  acid  content  during  ripening  in  Catawba 
grapes.  The  sugar  more  than  doubled  after  the  berries  began  to  color. 
while  the  acid  was  only  about  half  as  great.  Similar  data  are  re- 
ported for  many  other  varieties.  Pineapples  were  studied  by  W.  P. 
Kelley.fe0  Considerable  range  was  found,  but  on  the  whole  Hawaiian 
pineapples  showed  the  same  average  composition  as  others.  Green 
pineapples,  Kelley  concludes,  contained  less  acid  than  the  ripe  fruit 
and  also  a  small  percentage  of  fiber,  reducing  sugar,  and  sucrose. 
Dextrine  and  starch  did  not  occur  in  important  quantities  at  any 
stage.  The  reducing  sugars  and  sucrose  stand  in  an  inverse  ratio  in 
the  green  and  the  ripe  fruit. 

L.  H.  Merrill 51  gives  analyses  of  tropical  fruits  and  vegetables, 
and  reports  digestion  experiments  with  hulled  corn.  Popping  corn, 
his  experiments  showed,  affected  its  composition  only  by  reducing 
the  amount  of  water. 

Much  work  has  been  done  in  the  study  of  enzyms  of  fruits.  To  cite 
a  recent  example,  H.  P.  Bassett  and  F.  Thompson  52  found  an  oxi- 
dase in  green  and  ripe  apples,  pears,  and  walnut  hulls,  which  produced 
a  tanninlike  substance  in  injured  fruit  and  in  fruit  removed  from  the 
tree.  This  substance  is  believed  to  have  fungicidal  properties.  A 
catalase  precipitable  by  calcium  carbonate  was  also  found. 
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Bread,  milk,  vegetables,  bananas,  and  rhubarb  were  included  by  H. 
Ackroyd  53  in  his  study  of  the  occurrence  of  allantoin  in  food.  Small 
quantities  were  found  in  all  these  foods. 

The  value  and  use  of  nuts  are  discussed  by  M.  E.  Jaffa.54 

At  the  University  of  Tennessee,  Wait 55  studied  the  composition, 
digestibility,  and  nutritive  value  of  white  navy  beans,  red  kidney 
beans,  and  several  varieties  of  cowpeas.  Generally  speaking,  the 
legumes  were  as  well  assimilated  and  digested  as  are  the  coarser 
cereal  products.  The  investigation,  as  a  whole,  demonstrates  the 
importance  of  legumes  in  the  diet  as  economical  and  palatable 
sources  of  protein. 

An  extended  series  of  studies  carried  on  in  connection  with  the 
nutrition  investigations  of  the  Office  of  Experiment  Stations  have 
had  to  do  with  the  nutritive  and  economic  value  and  digestibility  of 
Cheddar  cheese  made  with  different  amounts  of  rennet  and  ripened 
for  varying  lengths  of  time,  and  with  cheese  of  other  sorts.  The 
results  have  shown  that,  judged  by  digestibility  and  wholesomeness, 
as  well  as  by  composition,  cheese  is  a  particularly  wholesome,  nutri- 
tious, and  economic  food.  Summaries  of  this  work  have  been  pub- 
lish, for  instance,  The  Digestibility  of  Cheese,  by  C.  F.  Doane,56  but 
the  experimental  data  await  publication  in  detail. 

More  attention  has  been  given  to  the  care  and  marketing  of  vege- 
tables than  to  their  composition  and  nutritive  value.  Some  work 
may,  however,  be  mentioned.  Canned  and  soaked  peas  and  beans  of 
different  grades  were  analyzed  by  W.  L.  Dubois,57  with  reference  to 
canning  such  vegetables  and  the  effect  of  age  upon  chemical  nature 
of  the  legumes  and  their  quality  when  canned.  The  crude  fiber  and 
the  crude  starchy  content  of  the  beans  canned  before  soaking  was 
higher  than  in  the  case  of  the  beans  canned  fresh.  As  peas  mature 
the  ash  and  crude  fiber  decrease  and  the  starch  increases.  Data  for 
ether  extract  and  nitrogen  are  less  conclusive. 

Minnie  Reed  58  reports  studies  of  edible  marine  algae,  and  gives 
much  data  as  to  their  use  by  native  Hawaiians. 

Data  on  insoluble  carbohydrates,  particularly  of  marine  alga?,  and 
a  summary  of  digestion  experiments  with  such  foods  in  comparison 
with  raw  Italian  chestnuts  are  reported  by  L.  B.  Mendel.59 

Carbohydrates  of  lichens,  alga?,  particularly  marine  alga?,  and  re- 
lated substances  were  studied  with  regard  to  their  character  and 
nutritive  value  by  Mary  D.  Swartz,60  who  found  that  the  water- 
soluble  hemicelluloses,  which  are  the  characteristic  constituents  of 
the  carbohydrates,  are  digested  little,  if  at  all,  by  man. 

Potatoes  and  other  root  crops  as  food  are  discussed  by  C.  F.  Lang- 
worthy.61 

Proprietary  foods  have  not  received  the  attention  which  their  use, 
especially  in  infant  and  individual  dietetics,  would  seem  to  warrant. 
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Lusk  62  deals  with  the  nutritive  value  of  such  foods.  The  same  sub- 
ject is  treated  by  D.  L.  Edsall,63  J.  Rowland.04  and  also  in  a  paper 
without  signature.65  The  composition,  especially  fat  content,  of 
malted  milk  is  reported  by  G.  F.  Kichmond  and  W.  E.  Musgrav< 

The  breeding  of  cereal  crops,  the  influence  of  fertilizers  on  composi- 
tion, and  related  questions  have  received  much  attention,  especially 
from  experiment  station  investigators.  Though  this  work  is  perhaps 
more  closely  related  to  agricultural  chemistry  than  to  nutrition,  some 
of  the  work,  especially  with  wheat  and  corn,  may  be  considered  here. 

Wide  variations  have  been  reported  in  the  composition  of  light  and 
heavy  kernels  of  wheat  of  the  same  variety,  in  grain  from  well  devel- 
oped and  imperfectly  developed  ears  of  corn,  and  in  the  kernels  from 
different  parts  of  the  ear. 

With  reference  to  work  with  Indian  com,  A.  M.  Soule  and  P.  O. 
Vanatter 67  found  that  many  of  the  best  yielding  ears  had  a  smaller 
protein  content  than  the  undesirable  ones. 

C.  L.  Penny  °8  found  the  protein  content  in  different  crops  to  vary 
from  6.25  to  12.69  per  cent,  and  the  small  kernels  at  the  end  of  the  ear 
to  contain  on  the  average  0.3  per  cent  less  protein  than  the  large, 
well-formed  kernels. 

In  experiments  on  breeding  of  corn,  L.  H.  Smith  °9  found  it  possible 
in  10  generations  to  increase  the  protein  content  from  10.92  to  14.26 
per  cent  or  to  reduce  it  from  10.92  to  8.64  per  cent.  The  oil  content 
could  be  varied  by  as  much  as  4.71  per  cent. 

Data  relating  to  the  nutritive  value  and  use  of  corn  as  food  are 
discussed  by  C.  D.  Woods,70  digestion  experiments  and  other  work 
being  summarized. 

Pice  has  been  studied  with  especial  reference  to  nutritive  value  and 
also  to  the  etiology  of  beriberi,  particularly  in  the  Philippines.  Alice 
P.  Thompson,71  who  studied  varieties  in  Hawaii,  found  no  greater 
nutritive  value  in  Japanese  rice  than  in  Hawaiian  rice.  Unpolished 
rice  was  found  to  contain  four  times  as  much  fat  as  the  polished,  also 
more  protein,  crude  fiber,  and  ash.  All  the  nitrogen  was  found  to  be 
proteid  nitrogen.  H.  Aron  and  F.  Hocson  72  found  that  relatively 
more  phosphorous  than  nitrogen  was  lost  in  polishing  rice  and  gave 
as  their  opinion  that  an  exclusive  rice  diet  is  deficient  in  protein. 
V.  G.  Heiser  73  summarizes  practical  experience  with  unpolished  rice 
in  relation  to  beriberi. 

The  use  of  cottonseed  products  as  food  for  man  has  been  considered 
by  several  investigators.  G.  S.  Fraps  74  reports  analyses  and  con- 
cludes that  cottonseed  flour  is  rich  in  protein,  and,  in  his  opinion, 
harmless  in  small  quantities.  F.  Pussell 75  notes  the  former  use  of 
cotton  seed  as  foodstuff  by  the  Pima  Indians  of  southern  Arizona. 

A.  C.  Crawford 76  concludes  that  the  poisonous  principle  often 
present  in  cotton  seed  is  not  an  alkaloid,  but  some  inorganic  com- 
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pound,  probably  pyrophosphoric  acid,  or  a  salt  of  this  acid.  The 
harmlessness  of  certain  cotton  seeds  and  cottonseed  meals  is  mainly 
due  to  the  fact  that  in  them  the  phosphoric  acid  exists  largely  as 
a  compound  of  ortho  and  not  as  one  of  the  other  phosphoric  acids. 
Small  amounts  of  pyrophosphates  can  be  borne  apparently  without 
injury.  It  would  appear  that  the  kind  of  fertilizers  used  and  other 
cultural  conditions  have  an  effect  on  the  amount  of  poisonous  phos- 
phoric acid  salts  present.  Whether  or  not  the  poisonous  properties  are 
derived  from  the  soil  or  are  due  to  a  physiological  process  in  the  seeds, 
and  other  related  matters,  the  author  points  out,  must  be  the  subject 
of  investigation. 

Cottonseed  flour  was  less  thoroughly  digested  than  a  meat  *diet 
containing  an  equal  or  greater  amount  of  indigestible  nonnitrogenous 
substances,  in  experiments  by  L.  B.  Mendel  and  M.  S.  Fine.77  The 
poor  showing  of  the  cottonseed  flour  is  ascribed  to  the  presence  of  a 
constituent  which  inhibits  secretion  or  promotes  premature  evacua- 
tion. 

W.  A.  Withers  and  B.  J.  Ray 78  have  reported  tests,  including 
feeding  experiments  with  rabbits,  on  the  removal  of  toxic  properties 
from  cottonseed  meal.  They  extract  with  gasoline  and  then  boil  with 
alcohol  to  which  a  small  amount  of  an  aqueous  solution  of  sodium 
hydroxid  has  been  added.  After  filtration  and  washing  with  hot 
alcohol  and  drying,  the  cotton  seed  did  not  exhibit  toxic  properties. 

Of  the  many  summaries  of  data  regarding  the  composition  of  foods, 
mention  may  be  made  of  a  set  of  15  colored  food  charts,  prepared  by 
C.  F.  Langworthy,79  designed  to  show  graphically  the  composition 
and  energy  value  of  common  food  materials  and  to  summarize  some 
general  data  regarding  the  functions  and  uses  of  food. 

SPECIAL  STUDIES  OF  ASH,  PROTEIN,   AND  OTHER  FOOD   CONSTITUENTS. 

While  no  new  food  products  of  special  importance  have  appeared 
during  the  period  under  consideration  in  this  summary,  important 
studies  have  been  made  of  dairy  products,  fruits,  meats,  cereal  grains, 
and  other  materials,  and,  as  usual,  much  attention  has  been  given 
to  methods  of  analysis.  No  attempt  can  be  made  here  to  summarize 
the  great  amount  of  work  done  in  the  inspection  of  food  under  na- 
tional and  State  pure-food  laws.  Some  reference  is  made,  however, 
to  a  number  of  special  studies  of  ash,  protein,  and  other  food  con- 
stituents. 

C.  S.  Hudson  80  reports  a  study  of  milk  sugar. 

E.  B.  Forbes  81  investigated  the  balance  between  inorganic  acids  and 
bases  in  animal  nutrition,  the  relationship  between  the  mineral  ele- 
tnents  of  food   and  those  of  living  animal  tissues,  the  production 
within  the  animal  of  inorganic  acids  and  their  neutralization,  and  the 
relation  of  ash  constituents  to  human  nutrition. 
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The  availability  of  alkali  in  the  ash  of  human  milk  was  found 
greater  than  that  of  cow's  milk  by  J.  H.  Kastle.82 

The  importance  of  sodium  and  potassium  phosphatid  compounds 
has  been  underestimated  hitherto,  according  to  W.  Koch  and  C.  C. 
Todd.83 

Organic  and  inorganic  phosphorous  compounds  in  meats,  especially 
as  affected  by  cooking,  were  studied  by  H.  S.  Grindley  and  E.  L. 
lloss84;  by  P.  F.  Trowbridge  and  Louise  M.  Stanley85  and  C.  K. 
Francis  and  P.  F.  Trowbridge.86  Phosphorous  compounds  as  brain 
foods  and  related  topics  were  studied  by  W.  Koch.8T  As  far  as  the 
nervous  system  is  concerned,  he  concludes  that  the  use  of  commercial 
phosphorous  compounds,  including  phytin,  lecithin,  etc.,  is  to  be 
discouraged,  because  there  is  little  evidence  that  they  exercise  a 
favorable  effect  on  the  growth  of  the  brain,  and  because  they  add 
only  insignificant  amounts  of  phosphorus  to  the  daily  food.  If  ad- 
ditional phosphorus  is  desired,  phosphorus-rich  food,  such  as  eggs, 
sweetbreads,  liver,  and  some  meats,  can  be  used  to  meet  body  re- 
quirements, though  the  phosphorus  required  for  brain  growth  is 
ordinarily  amply  supplied  by  the  phosphorus  of  the  daily  diet. 

Notes  on  the  storage  of  beef  and  other  food  topics  are  found  in  a 
report  by  H.  G.  Sharpe.88 

Iron  in  the  dietary  has  been  studied  by  H.  C.  Sherman,89  who 
presents  a  large  amount  of  data  regarding  the  iron  content  of  foods, 
the  amounts  consumed  in  the  average  diet,  and  the  possibility  of  in- 
creasing the  iron  content  of  the  dietary  when  desired  by  the  use  of 
green  vegetables  and  other  foods  relatively  rich  in  iron. 

Calcium,  magnesium,  and  phosphorus  in  food  and  nutrition  were 
studied  by  H.  C.  Sherman,90  A.  J.  Mettler,91  and  J.  E.  Sinclair.92 

In  general,  the  investigation  shows  the  importance  of  calcium, 
magnesium,  and  phosphorus  in  the  diet  and  the  possibility  of  secur- 
ing these  constituents  in  suitable  amounts  by  the  use  in  proper  pro- 
portion of  ordinary  food  materials.  By  the  liberal  use  of  milk,  or 
such  dairy  products  as  cheese,  buttermilk,  and  cream,  it  is  easily  pos- 
sible to  largely  increase  the  calcium  and  phosphorus  intake  when  this 
is  desirable. 

H.  C.  Sherman  and  J.  E.  Sinclair93  found  that,  by  a  proper  selec- 
tion of  foods,  the  net  excess  of  base-forming  or  of  acid-forming  ele- 
ments introduced  into  the  body  may  be  widely  varied. 

The  balance  of  acid-forming  and  base-forming  elements  in  foods, 
and  its  relation  to  ammonia  metabolism  were  also  subjects  of  investi- 
gation by  H.  C.  Sherman  and  A.  O.  Gettler.94 

The  work  of  T.  B.  Osborne95  and  associates  on  cleavage  products 
of  protein  has  been  continued.  This  work  includes  hydrolysis  of 
excelsin,  hordein,96  legumin  from  peas,97  glycinin  from  soy  beans,98 
crystalline  globulin  from  squash  seed,99  amandin  from  almonds,100 
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proteins  from  maize,101  gliadin  from  rye,102  vicilin  from  peas,103 
legumelin  from  peas,104  fish  muscle,105  vitellin  from  hen's  eggs,100 
muscle  of  scallops,107  crystallized  albumin  from  hen's  eggs,108  ox  mus- 
cle,109 casein,110  and  wheat  gliadin.111 

Supplementary  to  this  work,  T.  B.  Osborne  and  H.  G.  Wells112 
have  investigated  the  biological  reactions  of  vegetable  proteins,  using 
globulin  from  castor  beans,  flax  seed,  and  squashy  seed,  edestin  from 
hemp  seed,  excelsin  from  Brazil  nuts,  proteins  from  coconuts,  legu- 
min  from  the  vetch,  legumin  and  vicilin  from  peas,  vignin  from  cow- 
peas,  glycinin  from  soy  beans,  gliadin  from  wheat  and  rye  flour, 
hordein  from  barley,  and  zein  from  maize. 

Work  is  reported  directly  related  to  that  just  referred  to  by  Albert 
G.  Emery  and  Francis  G.  Benedict113  on  the  heat  of  combustion  of 
compounds  of  physiological  importance,  including  cane  sugar,  ben- 
zoic acid,  dextrose,  levulose,  lactose,  maltose,  glycogen,  asparagine, 
aspartic  acid,  allantoin,  alanine,  creatine,  creatinine,  cystin,  glu- 
taminic  acid,  glycocoll,  hippuric  acid,  tyrosine,  urea,  uric  acid,  alco- 
hol, acetone,  B-oxybutyric  acid,  lactic  acid,  glycerin,  palmitic  acid, 
stearic  acid,  and  oleic  acid. 

L.  B.  Mendel  and  M.  S.  Fine  i14  have  studied  the  utilization  of  the 
proteins  of  the  legumes,  the  work  and  other  investigations  by  Mendel 
and  his  associates  being  of  great  importance  in  discussions  of  nu- 
tritive value. 

Plastein,  a  proteinlike  substance  precipitated  by  enzym  action 
from  concentrated  albumose  solutions,  was  found  related  to  the 
liigher  albumoses  and  apparently  to  the  antialbumoses  rather  than 
to  the  native  proteins  by  D.  D.  Van  Slyke  and  P.  A.  Levene.] 
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PREPARATION,  PRESERVATION,   HANDLING,  AND  STORAGE  OF  FOOD  IN  RELA- 
TION   TO    NUTRITIVE    VALUE. 

Chemical  changes  induced  in  foods  by  cooking  processes  have  been 
investigated  with  a  considerable  number  of  materials  and  other  mat- 
ters related  to  preparation,  preservation,  handling,  and  storage  of 
food. 

United  States  Commissary  General  H.  G.  Sharpe 116  gives  data 
regarding  Army  rations,  field  ranges,  ovens,  fireless  cookers,  kitchen 
louring  cars,  portable  gas  cookers,  etc. 

Cooking  of  beef  was  studied  by  Elizabeth  C.  Sprague  and  H.  S. 
Grindley,117  and  of  spleens  by  E.  T.  Williams.118 

A  summary  of  analytical  and  other  data  regarding  the  economical 
use  of  meat  in  the  home,  and  the  nutritive  value  of  meat  is  presented 
by  C.  F.  Langworthy  and  Caroline  L.  Hunt.119 

Edna  D.  Day120  reports  a  series  of  experiments  on  the  digestibility 
and  nutritive  value  of  different  starches  as  affected  by  cooking. 
Using  different  sorts  of  ferments,  digesting  experiments  were  made 
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with  potatoes,  wheat,  corn,  and  other  starches,  with  the  object  of 
detecting  differences  in  the  starches  and  the  effect  of  heat  on  the 
digestibility  of  starch  under  common  household  conditions.  The 
coifclusion  was  reached  that  potato,  arrowroot,  and  probably  tapioca 
and  sago  starches  are  not  made  more  easily  digestible  by  long  con- 
tinued cooking,  while  the  reverse  is  true  with  cereal  starches,  though 
the  change  occurs  very  slightly.  Dr.  Cay  121  also  reports  the  results 
of  experiments  on  cellulose  as  affected  by  cooking. 

The  possible  connection  of  cooked  Indian  corn  with  pellagra  was 
studied  by  W.  H.  Buhlig 122  and  by  J.  F.  Siler  and  H.  J.  Nichols,123 
the  corn  as  cooked  being  found  sterile. 

Experiments  on  setting  of  gelatin  were  made  by  Olive  G.  Patter- 
son and  Clara  C.  Benson.124 

Yeast  appears  to  have  little  or  no  effect  on  the  flavor  of  bread 
according  to  the  experiments  reported  by  Ruth  A.  Wardall.125 

Experiments  with  salt-rising  bread  were  made  by  Winona  Wood- 
vvard  126  and  by  H.  A.  Kohman.127 

The  construction  and  use  of  tireless  cookers  has  received  consider- 
able attention,  one  of  the  most  interesting  contributions  to  the  sub- 
ject being  that  of  Ellen  A.  Huntington,128  who  studied  the  question 
from  a  chemical  and  physical  standpoint. 

Many  investigators  have  studied  canning,  preserving,  handling, 
and  storing  of  food  products  with  reference  to  nutritive  and  economic 
value.  A  large  amount  of  information  regarding  commercial  condi- 
tions, statistics  of  the  production,  manufacture,  and  use  of  a  wide 
range  of  commercial  food  products  is  included  in  the  bulletins  and 
reports  of  the  United  States  census  for  1910.  H.  A.  Dent 129  has 
summarized  information  regarding  the  economic  value  of  evaporated 
or  dehydrated  fruits,  vegetables,  and  milk  as  used  in  the  United  States 
Navy. 

The  value  of  pectin  from  the  white  inner  skins  of  oranges  and 
lemons  in  making  jelly  is  noted  by  Nellie  E.  Goldthwaite,130  who 
found  that  such  material  would  yield  jelly  of  good  physical  quality. 
The  use  of  citric  acid  or  other  natural  acid  to  insure  the  setting  of 
jelly  and  other  matters  of  jelly  making  were  also  studied. 

A  study  of  the  influence  of  preliminary  heating,  final  temperature, 
and  percentage  of  water,  sugar,  and  acid  upon  character  and  quality 
of  guava  jelly  was  made  by  J.  Belling.131 

H.  C.  Gore132  shows  that  C02  may  be  substituted  for  sake  fumes 
in  rendering  persimmons  nonastringent,  the  work  being  part  of  an 
extended  series  of  studies  of  fruit-ripening  problems  by  the  action 
of  acetic  acid  fumes  and  many  other  chemical  substances. 

The  ripening  of  dates  has  been  studied  by  A.  E.  Vinson.133 

Of  the  many  chemical  substances  studied  it  was  found  that  a  great 
many  stimulated  the  ripening  of  dates.     From  the  diversity  of  these 
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reagents  the  author  concludes  that  the  effects  observed  can  not  be 
due  to  any  particular  chemical  structure,  and  that  many  of  them  do 
not  react  chemically  with  any  known  constituent  of  the  date.  After 
treatment  over  night  with  acetic  acid  vapor  an  appreciable  reaction 
for  invertase  could  be  obtained  in  a  glycerol  extract,  although  a 
marked  astringency  was  still  present.  From  these  facts  and  data 
previously  obtained  it  was  concluded  that  the  apparent  stimulation 
of  ripening  depends  solely  on  the  killing  of  the  protoplasm. 

In  broad  terms,  any  substance  which  will  penetrate  the  cuticle  and  kill  or 
stimulate  the  protoplasm,  thereby  releasing  the  previously  insoluble  intra- 
cellular enzymns  without  rendering  them  inactive,  will  bring  about  ripening, 
provided  the  fruits  have  reached  a  certain  necessary  degree  of  maturity.    *    *    * 

Commercially,  many  varieties  of  dates  may  be  ripened  rapidly  after  they  have 
reached  a  certain  degree  of  maturity.  Before  that  time  they  do  not  contain 
sufficient  dry  matter  to  make  a  palatable  fruit.  Many  varieties  so  ripened  are 
fully  equal  to  the  natural  product.  *  *  *  Fruit  of  good  flavor  was  obtained 
by  treatment  with  the  vapors  of  acetic  and  propionic  acids,  ethyl  chlorid,  ethyl 
bromid,  ethylene  chlorid,  methylene  chlorid,  and  chloroform,  and  with  solutions 
of  lactic,  benzoic,  and  salicylic  acids  and  some  other  substances  of  more  or  less 
poisonous  nature.  Gasoline,  benzine,  esters  of  organic  acids,  ordinary  ether, 
acetone,  volatile  oils,  and  most  other  substances  leave  permanent  disagreeable 
flavors.     *     *     * 

Artificially  ripened  dates  do  not  sour  so  readily  as  the  fruit  ripened  on  the 
tree  and  remain  much  freer  from  insects. 

Work  similar  in  character  has  been  reported  by  G.  F.  Freeman.184 
to  commercial  value,  quality  and  wholesomeness. 

Packing  oysters  with  and  without  ice,  and  other  similar  questions, 
were  studied  by  the  Indiana  State  Board  of  Health 135  with  reference 
to  commercial  value,  quality,  and  wholesomeness. 

F.  P.  Gorham  136  found  that  the  bacterial  content  of  oysters  varies 
with  the  season,  and  suggests  the  necessity  of  establishing  legally  a 
minimum  distance  between  oyster  beds  which  are  used  as  a  source  of 
food  and  sewer  outlets. 

A.  W.  Peters  and  H.  A.  Mattill 137  studied  the  diastatic  enzym  of 
ripening  meat. 

No  deterioration  was  found  in  frozen  beef  stored  for  a  long  period 
in  experiments  by  W.  D.  Richardson  and  E.  Scherubel.138  Other 
experiments  tending  to  show  the  value  of  cold-storage  beef  prac- 
tically equal  to  that  of  fresh  beef  were  made  by  A.  D.  Emmett  and 
H.  8.  Grindley.139 

S.  Rideal 140  finds  that  cold  storage  retards,  but  does  not  prevent, 
action  of  diastase,  and  that  tenderness  is  increased  by  the  action  of 
sarcolactic  acid,  and  by  pepsin  and  trypsin. 

Studies  of  methods  of  handling  and  storing  poultry  with  reference 
to  food  quality  have  been  made  by  Mary  E.  Pennington,141  by  W.  F. 
Boos,142  by  H.  R.  Brown,148  by  E.  W.  Burke,144  by  H.  W.  Wiley  et 
ul.,148  and  by  H.  W.  Houghton.1 
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The  occurrence  and  permanence  of  lipase  in  the  fat  of  the  common 
fowl  have  been  studied  by  Mary  E.  Pennington  and  J.  S.  Hep- 
burn.147 

Several  studies  have  shown  the  advantages  of  wrapped  bread  over 
unwrapped  with  respect  to  moisture  content  and  quality,  as  well  as 
sanitary  condition.  Among  others,  are  those  of  L.  W.  Thomas  14S 
and  C.  A.  A.  Utt.149 

That  well-lighted  rooms  will  retard  the  growth  of  fungi  and  bac- 
teria in  stored  flour  is  the  conclusion  of  H.  G.  Bell,150  who  studied 
the  question  chiefly  with  reference  to  quality. 

The  effect  of  storage  on  flour  and  on  butter  was  studied  by  J.  T. 
Willard,151  particularly  the  variations  in  water  content  under  dif- 
ferent conditions  of  handling. 

S.  Leavitt  and  J.  A.  Le  Clerc  152  determined  the  changes  which 
take  place  in  the  composition  of  stored  cereals. 

DIETARY  STUDIES  AND  DIETETICS. 

Descriptive  articles,  books  of  travel,  reports  of  ethnological  investi- 
gations, and  other  publications  not  directly  concerned  with  nutrition 
work  contain  valuable  information  about  dietary  habits,  food  supply, 
and  living  conditions  of  native  tribes.  Numerous  volumes  and  papers 
of  this  character  have  appeared  during  the  period  under  considera- 
tion. Furthermore,  a  very  great  number  of  dietary  studies  have  been 
made  and  reported.  In  some  of  these  publications  analyses  of  foods 
are  reported  and,  in  general,  the  facts  presented  are  considered  on  the 
basis  of  nutritive  and  economic  value. 

Dietary  studies  of  farmers'  families  in  Vermont,  Tennessee,  and 
Georgia  were  made  as  part  of  the  nutrition  investigations  of  the 
Office  of  Experiment  Stations.  Cost  of  nutrients  and  energy,  peculi- 
arities of  diet,  adequacy  of  food  supply,  and  similar  questions  are 
considered.153 

European  laborers  in  the  Panama  Canal  Zone  consumed  food 
which  supplied  201  grams  of  protein  and  5,428  calories  of  energy  per 
person  per  day,  according  to  data  in  the  report  of  E.  T.  Wilson.154 

Information  concerning  the  cost  of  food  under  local  conditions  is 
also  given  in  this  report.  The  cost  of  materials  (including  ice)  was 
found  to  be  30.18  cents  per  man  per  day,  and  the  expense  of  prepara- 
tion, etc.,  to  be  6.66  cents  per  ration  in  addition. 

Studies  of  native  dietaries  in  the  Philippines  have  been  made  by 
E.  D,  Merrill,155  by  H.  Aron,156  and  by  V.  G.  Heiser.157 

The  value  of  studies  of  the  dietaries  in  public  institutions  is  being 
more  and  more  thoroughly  appreciated,  as  is  evidenced  by  the  nu- 
merous requests  for  such  investigations  received  by  the  Division  of 
Nutrition  Investigations  of  the  Office  of  Experiment  Stations. 
66692— vol  2,  pt  1—13 36 
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The  dietary  of  a  hospital  for  the  insane  in  Illinois,  at  which  there 
had  been  an  occurrence  of  pellagra,  was  found  by  J.  F.  Siler  and 
H.  J.  Nichols 15S  to  supply  about  30  grams  of  protein  and  2,000  to 
2,500  calories  per  person  per  day.  The  diet  was  studied  with  refer- 
ence to  cost  and  nutritive  value,  as  well  as  matters  of  hygiene. 

A  comprehensive  and  exhaustive  study  of  dietaries  in  State  insti- 
tutions was  made  by  H.  C.  Wright,159  particular  attention  being  given 
to  methods  of  purchase  and  other  effects  of  cost. 

In  experimental  studies  on  growing  dogs  and  observations  on  nurs- 
ing children,  H.  Aron 160  found  that  with  a  dietary  insufficient  to 
permit  of  increase  in  body  weight,  the  skeleton  grows  at  the  expense 
of  other  parts  of  the  body,  especially  of  the  flesh,  most  of  the  organs 
retain  their  size  and  weight,  the  brain  grows  to  normal  weight,  fat 
is  consumed  almost  entirely,  protein  in  the  muscles  is  decreased  in 
quantity,  and  a  great  proportion  of  the  tissues  is  replaced  with  water. 

The  relation  of  the  diet  to  body  growth  has  been  studied  by  H.  J. 
Waters  161  and  by  D.  McCay,162  the  latter  especially  noting  the  rela- 
tion of  quantity  of  protein  in  the  dietary  to  average  body  weight  of 
certain  races.  All  this  work  bears  directly  on  the  nutritive  value 
of  the  ration  and  the  foods  of  which  it  is  composed. 

Dietaries  of  children  in  public  institutions  have  been  studied  by  the 
Department  of  Agriculture.163  Much  information  regarding  the 
feeding  of  children,  school  luncheons  and  other  matters  of  normal 
diet,  and  problems  of  undernourishment  of  children  has  been  re- 
ported, the  nutritive  value  and  cost  being  considered  as  well  as 
physiological  aspects  of  the  problem.  Papers  on  such  topics  may  be 
mentioned  by  Caroline  L.  Hunt,164  by  the  Women's  Educational  and 
Industrial  Union,105  by  Lillian  D.  Wahl,166  by  Marion  Bell,167  by 
E.  M.  Sill,168  by  Frances  Perkins,169  by  W.  C.  Hollopeter,170  by  H.  EL 
Bonnell,171  by  Alice  C.  Boughton,172  by  Ellen  H.  Kichards,173  and  by 
A.  L.  Benedict.174 

Many  special  dietary  problems  have  been  investigated,  a  few  of 
which  may  be  cited. 

I.  Fisher175  finds  a  relationship  between  protein  consumption  and 
the  occurrence  of  fatigue. 

No  relation  between  muscular  activity  and  protein  metabolism,  as 
indicated  by  nitrogen  and  sulphur  partitions  in  the  urine,  was  found 
by  P.  A.  Shaffer.176 

An  experimental  study  of  an  ash-free  diet  by  H.  W.  Goodall  and 
E.  P.  Joslin  177  did  not  reveal  any  marked  changes  in  metabolism  as 
compared  with  an  ordinary  diet. 

In  a  discussion  of  an  endurance  test,  in  which  a  number  of  men 
endeavored  to  carry  100  pounds  weight  on  the  back  for  100  milesy 
C.  F.  Langworthy 178  notes  that  the  average  energy  expenditure  of 
the  six  successful  contestants  was  1,137  calories,  707  calories  of  which, 
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it  was  calculated,  wore  expended  in  forward  progression  and  430 
calories  in  moving  the  load. 

DIGESTION. 

Both  thoroughness  and  ease  of  digestion  have  been  studied,  the 
latter  in  many  cases  with  the  aid  of  the  respiration  calorimeter,  and 
many  special  topics  relating  to  digestion  have  been  discussed. 

The  Office  of  Experiment  Stations,  as  already  noted,  has  studied 
the  thoroughness  of  digestion  of  cheese.  Work  was  later  undertaken 
to  secure  data  regarding  the  relative  energy  output  during  the  diges- 
tion of  cheese  and  meat,  the  respiration  calorimeter  being  used  for 
these  experiments.  The  work  which  is  being  continued  has  been 
briefly  noted  in  the  Yearbook  of  the  Department  of  Agriculture  by 
C.  F.  Langworthy  and  R.  D.  Milner.179 

No  constant  differences  were  observed  in  the  energy  output  of  the 
subject  when  digesting  cheese  and  when  digesting  an  equivalent 
amount  of  meat  under  uniform  conditions. 

The  relation  of  temperature  of  coagulation  to  digestibility  of  white 
of  egg  was  studied  by  P.  Frank.180  Heating  above  75°  C.  decreased 
digestibility. 

Practically  ho  difference  in  thoroughness  of  digestion  of  different 
cuts  of  meat  prepared  in  different  ways  was  found  by  H.  S.  Grind- 
ley,181  T.  Mojonnier,182  and  H.  C.  Porter,183  all  meats  being  found 
very  digestible,  about  98  per  cent  of  the  protein  and  fat  being  re- 
tained. 

Extended  analytical  work  was  carried  on  as  part  of  the  studies  of 
digestibility  and  nutritive  value  of  legumes  by  C.  E.  Wait,184  which 
has  already  been  referred  to.  In  general,  legumes  were  found  to 
contain  TO  to  83  per  cent  digestible  protein  and  98  per  cent  digestible 
carbohydrate. 

METABOLISM  EXPERIMENTS,   INCLUDING  STUDIES  OF  INCOME  AND  OUTGO, 
MADE   WITH   RESPIRATION    CALORIMETERS. 

During  the  period  under  consideration  many  studies  on  metab- 
olism of  food  constituents,  particularly  nitrogen,  have  appeared,  in- 
cluding special  studies  of  body  excretions,  the  effects  of  food  con- 
stituents, and  other  effects  of  protein  metabolism,  the  effect  of  water 
drinking  on  physiological  activities,  including  the  utilization  of 
food,  and  many  studies  of  income  and  outgo  of  material  and  energy. 
Some  of  this  work  has  a  direct  relation  to  the  question  of  nutritive 
value  of  foods,  since  it  was  undertaken  to  test  this  matter  from  the 
standpoint  of  utilization  rather  than  analysis.  Reference  will  be 
made  here  to  only  a  few  of  the  investigations,  which  will  serve  as 
illustrations  of  the  kind  of  work  undertaken. 
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The,  nutritive  value  of  nitrogen  in  gelatin  was  studied  by  J.  R. 
Murlin,185  who  concluded  that  nitrogen  equilibrium  may  be  main- 
tained when  part  of  the  proteid  nitrogen  is  replaced  by  gelatin 
nitrogen,  provided  a  large  proportion  of  the  total  energy  is  supplied 
in  the  form  of  carbohydrates.  Similar  work  with  gelatin  has  been 
reported  by  P.  A.  Levene  and  G.  M.  Meyer.186 

An  experimental  study  of  nuclein  synthesis  in  the  body  was  made 
by  E.  V.  McCollum.187 

Extended  studies  of  the  nutritive  and  economic  value  of  foods, 
particularly  with  reference  to  the  low  proteid  diet,  carried  on  by  11. 
H.  Chittenden  and  his  associates  represent  an  important  contribu- 
tion to  the  subject  of  nutrition,  involving  as  they  do  the  considera- 
tion of  the  question  of  physiological  and  pecuniary  economy. 

Extended  studies  on  the  effects  of  water  drinking  by  Hawk  and 
his  associates  at  the  University  of  Illinois,  the  experiments  by  Mendel 
and  others  at  the  Sheffield  Scientific  School,  Yale  University,  and 
other  work  which  might  be  appropriately  cited,  will  undoubtedly  be 
considered  at  this  conference  in  other  sections. 

The  possibilities  of  nutrition  investigations  were  very  greatly  ex- 
tended by  the  successful  attempts  made  by  W.  O.  Atwater  and  his 
associates  to  devise  a  respiration  calorimeter,  an  instrument  of  pre- 
cision for  the  simultaneous  measurement  of  the  income  and  outgo 
of  matter  and  energy.  After  several  years  of  work  carried  on  by 
him  for  the  Office  of  Experiment  Stations  cooperating  with  a  num- 
ber of  agencies,  the  apparatus  was  perfected  for  use  in  experiments 
of  long  or  short  duration  with  man,  and  the  results  of  many  experi- 
ments with  it  reported  from  time  to  time  very  largely  in  documents 
published  by  the  United  States  Department  of  Agriculture.188 

More  recently,  the  original  apparatus  devised  by  Atwater  and  his 
associates  has  been  modified  and  improved  at  the  United  States 
Department  of  Agriculture,  in  connection  with  the  nutrition  investi- 
gations, which  have  grown  out  of  the  older  cooperative  enterprises  of 
the  department;  at  the  nutrition  laboratory  of  the  Carnegie  Insti- 
tution of  Washington,  which  is  located  in  Boston,  Mass.;  and  at 
the  Cornell  Medical  College  in  New  York  City.  The  apparatus  has 
also  been  adapted  to  experiments  with  farm  animals  (cattle)  by 
Armsby 189  at  the  Pennsylvania  State  College,  and  is  employed 
in  experiments  carried  on  by  that  institution  in  cooperation  with 
the  Bureau  of  Animal  Industry  of  the  Department  of  Agriculture. 

A  brief  description  of  the  respiration  calorimeters  in  use  in  the 
Department  of  Agriculture  at  Washington  is  given  by  C.  F.  Lang- 
worthy  and  It.  D.  Milner.190  A  large  calorimeter  for  experiments 
with  man,  an  improved  and  smaller  one  for  the  study  of  physio- 
logical processes  of  plants  and  animals  by  means  of  the  gaseous  ex- 
change and  heat  production,  and  a  microcalorimeter  for  the  experi- 
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mental  study  of  very  small  quantities,  are  described,  as  well  as  sev- 
eral new  devices  for  recording  and  controlling  the  operation  of  the 
apparatus.  Some  consideration  is  given  to  the  character  of  the 
problems  which  the  new  apparatus  will,  it  is  hoped,  aid  in  solving. 
A  later  paper  by  C.  F.  Langworthy  and  R.  D.  Milner  191  describes 
the  construction  of  the  smaller  respiration  calorimeter  in  greater 
detail. 

The  improved  forms  of  respiration  calorimeters  used  at  the  nutri- 
tion research  laboratory  of  the  Carnegie  Institution  at  Boston, 
Mass.,  are  described  in  detail  by  F.  G.  Benedict  and  R.  M.  Car- 
penter.192 Control  tests  made  by  burning  alcohol  in  the  respiration 
chamber,  and  measuring  the  carbon  dioxid,  water,  and  heat  produced, 
and  the  oxygen  consumed,  showed  a  satisfactory  agreement  with 
the  amounts  required;  theoretically.  These  tests  are  detailed  by 
F.  G.  Benedict,193  J.  A.  Riche,194  and  L.  E.  Emmes.195  Methods  for 
determining  the  amount  of  oxygen  consumed  in  experiments  with 
the  respiration  calorimeter  are  discussed  by  F.  G.  Benedict.196 

A  simple  apparatus  for  the  study  of  respiratory  exchange  is  also 
described  by  F.  G.  Benedict.197 

As  an  example  of  work  which  has  a  direct  bearing  on  nutritive 
value  of  foods  carried  on  at  the  Carnegie  Nutrition  Laboratory,  a 
paper  by  F.  G.  Benedict,  L.  E.  Emmes,  and  J.  A.  Riche  198  may  be 
cited  in  which  the  results  showed  that  there  was  a  high  respiratory 
quotient  12  hours  after  the  ingestion  of  a  meal  rich  in  carbohydrates. 

Lusk 199  has  very  briefly  referred  to  the  construction  of  the  respira- 
tion calorimeter  which  is  used  under  his  direction  at  the  Cornell 
Medical  College  for  the  study  of  problems  pertaining  to  the*  nutritive 
value  of  foods  and  related  questions.  The  experiments  so  far  have 
been  made  particularly  with  laboratory  animals  and  with  children. 

HYGIENIC  STUDIES  OF  FOODS  IN  RELATION  TO  THEIR  ECONOMIC  VALUE. 

There  has  been  a  noticeable  tendency  toward  a  fuller  recognition  of 
the  value  of  cleanliness  in  all  that  pertains  to  the  handling,  market- 
ing, preparing,  and  serving  of  food,  and  such  questions  and  other 
problems  of  food  hygiene  have  been  the  subject  of  many  careful 
studies.  Such  work  has  a  more  direct  bearing  upon  the  economic 
value  of  food  than  upon  its  nutritive  value,  as  shown  by  chemical 
composition. 

In  the  study  of  the  use  of  sour  milk  preparations  to  inhibit  intesti- 
nal putrefaction,  etc.,  P.  G.  Heinemann 200  found  the  commercial 
preparations  of  lactic  acid  bacilli  in  no  way  superior  to  those  of  natu- 
ral souring.  Only  one  of  the  commercial  preparations  was  found  free 
from  yeast.  Many  other  studies  wThich  have  to  do  with  the  relation  of 
lactic  acid  or  other  food  constituents  to  intestinal  putrefaction  have 
been  studied. 
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A  bacteriological  study  of  protected  and  unprotected  foods  in 
shops  and  restaurants  was  made  by  H.  E.  Barnard.201  In  this  case 
also  the  paper  cited  serves  simply  as  an  illustration  of  many  others 
which  might  be  mentioned,  and  the  same  is  true  of  the  works  of  C.  W. 
Stiles,202  who  studied  the  danger  of  sewage  contamination  of  oysters. 

M.  Steel 203  has  studied  the  absorption  of  aluminum  from  alumi- 
nized  food.  Later  work  on  the  subject  has  been  reported  by  W.  J. 
Gies,204  particularly  with  reference  to  aluminum  salts  added  to  food 
in  alum  baking  powder,  a  matter  which  manifestly  has  an  effect  upon 
the  quality  and  value  of  food. 

The  effect  of  edible  fats  and  oils  on  metallic  containers  made  of  tin 
plate,  galvanized  iron,  copper,  tin,  lead,  zinc,  aluminum,  and  iron 
was  studied  by  J.  A.  Emery.205 

The  alleged  relation  of  Indian  corn  to  pellagra  has  a  decided  bear- 
ing upon  the  economic  value  of  corn,  as  it  does  upon  the  use  as  food 
of  this  standard  cereal  crop.  The  problem  has  been  investigated  by 
C.  L.  Alsberg,206  C.  H.  Lavinder,207  W.  H.  Buhlig,208  and  J.  E.  Siler 
and  H.  J.  Nichols.209 

The  investigations  which  have  had  to  do  with  rice  and  beriberi 
have  been  mentioned  elseAvhere.  Many  other  investigations  might  be 
cited  under  the  heading  of  hygiene  and  its  relation  to  food  and  its 
nutritive  value,  but  enough  has  been  noted  to  show  the  general  char- 
acter of  the  American  work. 

COST  AND  ECONOMIC  VALUE  OF  FOOD  AND  OTHER  STATISTICAL  DATA. 

The  collection  of  statistical  data,  an  important  part  of  the  general 
subject  o$  nutrition,  has  been  carried  on  quite  extensively  by  the 
National  Government  and  by  different  States,  as  well  as  by  econ- 
omists and  other  investigators.  The  investigations  cited  give  an 
idea  of  the  character  and  extent  of  the  work,  but  attempt  is  not  made 
to  make  this  summary  exhaustive. 

A  compilation  of  publications  on  the  cost  of  living  and  prices  has 
been  made  by  H.  H.  B.  Meyer.210  Similar  data  may  be  found  in 
various  Senate  documents.211 

Many  studies  of  the  production  and  value  of  food  products  have 
been  made  in  connection  with  the  work  of  the  United  States  census. 
Among  them  are  those  on  rice  cleaning  and  polishing  by  H.  McK. 
Fulgham ; 212  beet  sugar,  by  Z.  C.  Elkin ; 213  slaughtering  and  meat 
packing; 214  and  starch,  by  E.  H.  Merriam.215 

A  summary  of  retail  prices  of  food  from  1890  to  1906  and  a  dis- 
cussion of  cost  of  living  appear  in  a  publication  of  the  United  States 
Bureau  of  Labor.216  Cost  of  food  in  New  Jersey  is  discussed  in  a 
report  of  that  State.217 

Meat  prices  in  the  United  States  are  summarized  in  the  Yearbook  of 
the  Deparlrnent  of  Agriculture,  by  James  Wilson,  Secretary.218 
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Statistics  of  Hawaiian  honey  production  may  be  found  in  a  paper 
on  Hawaiian  bee  keeping,  by  E.  F.  Phillips.210 

Cost  of  living  of  wage  earners  and  a  discussion  of  rational  diet  at 
small  cost  are  included  in  a  report  of  the  Committee  on  Social  Better- 
ment, by  G.  M.  Kober.220  See  also  Alimentation  and  Foods.221 
Reference  has  already  been  made  to  Wright's  studies  on  the  effect  of 
methods  of  purchase,  on  cost  of  food  in  public  institutions,  and  re- 
lated matters. 

An  investigation  into  the  cost  of  living  of  workmen's  families  was 
made  by  R.  C.  Chapin.222  Valuable  work  of  this  character  has  also 
been  published  by  the  Bureau  of  Labor  of  the  United  States  Depart- 
ment of  Commerce  and  Labor. 

A  study  of  the  cost  of  living  conditions  in  American  towns  was 
made  by  the  British  Government223  and  reprinted  in  the  United 
States  by  the  Federal  Government.224  The  report  was  summarized 
in  a  United  States  Senate  publication,225  and  also  in  a  Department 
of  Commerce  and  Labor  publication.226  Twenty-eight  American 
towns,  with  an  aggregate  population  of  15,500,000,  were  studied  to 
secure  data  on  which  to  base  conclusions.  Prices  ranged  from  91  to 
109,  New  York  City  prices  serving  as  a  standard  and  rating  as  100. 
Average  retail  prices  were  found  about  38  per  cent  higher  than  in 
England  and  Wales.  The  dietary  of  workingmen  in  this  country 
was  found  more  liberal  and  varied  than  in  the  United  Kingdom. 
The  report,  as  a  whole,  is  a  very  important  contribution  to  the  litera- 
ture of  food  costs. 

An  extended  investigation  of  food  prices,  the  conditions  of  manu- 
facturing and  marketing,  and  related  questions  pertaining  to  the 
cost  of  living  has  been  made  by  a  special  commission  appointed  by 
the  State  of  Massachusetts.  Their  report227  contains  a  great  deal 
of  valuable  data  on  the  cost  of  food  and  on  conditions  of  manufac- 
ture, handling,  and  storage  with  reference  to  value  from  an  hygienic 
standpoint  as  well  as  cost.  The  report  of  the  commission  228  ap- 
pointed by  the  State  of  Massachusetts  to  investigate  the  subject  of 
cold  storage  of  food  and  of  food  products  kept  in  cold  storage  should 
also  be  mentioned  as  an  important  contribution  to  a  question  of 
great  economical  importance. 

General  discussions  of  topics  pertaining  to  the  nutritive  and  eco- 
nomic value  of  food  have  been  very  numerous  and  have  included 
many  textbooks  and  works  of  reference,  as  well  as  pamphlets  and 
short  articles.  To  this  large  amount  of  material  it  does  not  seem 
possible  to  refer  in  detail  at  the  present  time. 

AGENCIES    FOR    MAKING    INFORMATION     AVAILABLE. 

No  summary  of  American  work  on  the  nutritive  and  economic 
value  of  food  would  be  reasonabl}-  complete  which  did  not  make  some 
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reference  to  the  agencies  which  are  employed  for  disseminating 
information  and  making  it  available  to  the  public,  as  well  as  those 
employed  in  obtaining  it.  Articles  and  reports  already  cited  show 
that  such  material  is  generally  published  in  readily  accessible  form. 

Boards  of  health  of  different  States,  city  boards  of  health,  and 
other  similar  agencies  have  devoted  much  time  and  money  to  gath- 
ering and  disseminating  information  concerning  the  real  value  of 
food  as  distinguished  from  its  market  price,  the  importance  of  clean 
food,  and  other  similar  matters. 

It  has  been  the  policy  of  the  Federal  Government  to  distribute  its 
publications  without  cost  to  those  who  have  need  for  them,  and  this 
applies,  in  many  cases,  not  only  to  summaries  designed  for  popular 
use,  but  to  technical  bulletins.  The  Department  of  Agriculture  is 
undoubtedly  the  largest  distributer  of  such  popular  documents,  and 
the  total  number  of  those  dealing  with  various  questions  related  to 
the  nutritive  and  economic  value  of  food,  pure-food  supplies,  and 
such  topics,  has  reached  many  millions. 

Public  schools  and  higher  institutions  of  learning  are  devoting 
much  time  to  instruction  in  nutrition  and  other  home  economic 
topics.  The  question  of  food  values,  methods  of  preparing  food, 
and  so  on,  is  very  generally  a  part  of  a  girl's  high-school  work,  up- 
wards of  a  thousand  high  schools  in  the  United  States  offering  in- 
struction of  this  character.  Over  a  hundred  agricultural  and  other 
colleges  offer  advanced  instruction  in  home  economics  which  includes 
nutrition,  as  well  as  more  than  a  hundred  normal  schools  and  other 
special  schools.  The  character  and  extent  of  this  work  has  been 
described  by  Marie  T.  Spethman.229 

Any  widespread  interest  in  the  serious  study  of  a  problem  usually 
results  in  the  formation  of  a  society  or  association  of  those  interested, 
and  this  has  been  the  case  with  nutrition.  The  American  Society 
of  Biological  Chemists,  the  American  Chemical  Society,  and  other 
societies  have  sections  devoted  to  the  consideration  of  food  and  nutri- 
tion problems,  and  much  interest  in  such  subjects  on  their  economic 
side  is  manifested  by  economists  and  sociologists.  The  association 
which  gives  attention  particularly  to  the  consideration  of  problems 
of  food,  clothing,  and  shelter,  in  their  various  relations,  is  the  Ameri- 
can Home  Economics  Association,  which  was  established  in  1909,  and 
includes  in  its  membership  a  considerable  body  of  investigators  and 
teachers,  as  well  as  those  who  are  interested  in  the  application  in  the 
home  of  the  results  of  scientific  investigation. 

CONCLUSIONS. 

The  purpose  of  the  foregoing  summary  of  work,  which  has  to  do 
with  the  composition  and  nutritive  value  of  food,  carried  on  in  the 
United  States  since  the  preceding  Congress  on  Hygiene  and  Demog- 
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raphy,  in  1907,  is  to  give  an  idea  of  the  character  and  extent  of  the 
work  and  examples  which  will  serve  to  show  something  of  the  results 
obtained. 

The  summary  is  by  no  means  complete,  but  it  is  believed  that 
enough  has  been  brought  together  to  show  that  continuous  progress 
has  been  made  in  devising  and  perfecting  methods  of  research  and 
in  accumulating  data  valuable  to  workers  in  nutrition.  It  is  also 
apparent,  from  a  study  of  the  data,  that  the  whole  question  of  the 
nutritive  and  economic  value  of  food  is  receiving  a  great  deal  of 
attention  in  the  United  States,  and  that  interest  is  widespread  in 
the  attempts  made  to  collect  and  distribute  information  which  will 
lead  to  a  rational  and  intelligent  use  of  available  food  resources. 
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THE  CHOICE  OE  FOODSTUFFS  IN  RELATION  TO  DISEASE. 

Dr.   Carl  Yon  Noorden,  Professor  of  Internal  Medicine  and  Director  of  the 
First  Medical  Clinic,  Vienna,  Austria. 

The  task  I  have  undertaken  is  concerned  with  the  question  as  to 
what  influence  the  choice  of  foods  has  on  the  course  of  disease;  or, 
in  other  words,  to  what  extent  the  selection  of  special  foodstuffs  is 
a  valuable  therapeutic  factor  in  the  treatment  of  certain  diseases  or 
groups  of  diseases. 

The  subject  can,  of  course,  be  approached  from  various  points  of 
view.  We  might  start  with  certain  articles  of  diet  or  with  certain 
groups  of  foodstuffs,  and  then  by  working  out  the  characteristic 
facts  with  regard  to  their  assimilation  and  the  way  in  which  they 
are  utilized  in  the  organism,  we  might  easily  determine  under  what 
special  morbid  conditions  they  would  be  found  useful  and  under 
what  other  conditions  we  should  expect  them  to  be  of  little  or  no 
value.  Specialists  in  hygiene  or  physiology  would  perhaps  select 
this  course.  As  a  physician,  however,  another  method  comes  to  me 
more  naturally.  We  will  start  with  certain  groups  of  diseases  and 
satisfy  ourselves  as  to  the  special  dietetic  problems  which  they  in- 
volve; we  shall  then  be  in  a  position  to  state  which  foodstuffs  will 
be  of  value  toward  the  attainment  of  our  object  and  which  will  be 
the  reverse.  Of  course,  in  the  short  time  at  my  disposal  I  shall  not 
be  able  to  go  into  details  and  I  shall  be  unable  to  deal  with  the  most 
important  question  of  the  preparation  of  foods  and  drinks.  At  the 
same  time  this  is  very  important  in  dietetics  and  most  fruitful  in 
results.  I  can  only  deal  with  the  large  groups  of  foodstuffs,  such 
as  proteins,  fats,  carbohydrates,  aromatic  bodies,  and  so  on,  and 
accurate  detail  will  only  be  possible  here  and  there. 

1.    OBESITY. 

Our  first  subject  will  be  obesity,  or  rather  the  measures  which  are 
useful  in  combating  this  condition.  All  the  dietetic  cures  for  obesity 
have  one  underlying  principle  in  common,  namely,  to  decrease  the 
bulk  and  the  calorific  value  of  the  food.  It  was  formerly  thought 
that  certain  foodstuffs  were  specially  bad  for  the  corpulent  or  the 
reverse.  We  now  know  that  this  is  not  true.  The  amount  of  fat 
gained  or  lost  by  the  body  depends  ultimately  on  the  ratio  between 
its  requirements  in  calories  and  the  actual  supply.  The  particular 
food  selected  is  of  subordinate  importance  if  its  caloric  value  is  cor- 
rectly determined.  In  spite  of  the  fact  that  this  principle  is  theoreti- 
cally irrefutable  in  practice,  our  results  will  vary  according  to  the 
manner  in  which  it  is  applied.  Perhaps  the  most  natural  thing 
would  be  to  restrict  equally  all  the  three  chief  groups  of  foodstuffs — 
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the  proteins,  the  fate,  and  the  carbohydrates.  Experience,  however, 
shows  not  only  that  this  is  an  extremely  difficult  thing  to  do,  but  that 
it  seldom  leads  to  the  desired  result.  There  is  no  certain  standard 
whereby  the  patient  can  regulate  the  amount  of  his  diet.  It  is  not 
enough  to  tell  him  to  leave  off  eating  before  he  is  satisfied.  As  we 
do  not  know  the  chemical  composition  and  caloric  value  of  his  food 
it  is  possible  that  the  caloric  value  may  have  passed  far  beyond  the 
proper  limit  long  before  his  appetite  is  satisfied.  For  these  and 
other  reasons  the  typical  cures  for  obesity  have  always  aimed  at  the 
reduction  of  particular  foodstuffs.  Banting  and  Harvey,  to  whom 
we  owe  the  earliest  exact  systems,  arrived  at  the  same  conclusion  as 
that,  which  we  now  consider  to  be  correct,  namely,  that  fats  should 
be  restricted  to  the  greatest  possible  extent.  The  removal  of  the  fats 
from  the  diet  presents  no  great  technical  difficulties;  it  can  be  easily 
carried  out  even  by  the  uninstructed  laity  if  they  are  once  taught. 
In  the  fats  we  exclude  those  foodstuffs  which  combine  the  highest 
caloric  value  with  the  smallest  bulk.  The  man  who  avoids  fats  and 
confines  his  diet  exclusively  to  proteins  and  carbohydrates  can  satisfy 
his  normal  appetite  for  food  by  a  very  modest  intake  of  calories, 
which  will  not  be  sufficient  to  cover  his  real  needs,  and  thus  slowly 
and  safely  produce  a  reduction  in  body  weight.  The  daily  dietary 
does  still  contain  a  considerable  amount  of  carbohydrates.  This  has 
the  great  advantage  of  not  damaging  the  protein  reserves  of  the 
body  during  the  cure,  as  we  know  from  Voit's  fundamental  Avork 
that  carbohydrates  are  excellent  sparers  of  body  proteins.  Of  course, 
the  simple  reduction  or  even  the  entire  exclusion  of  fat  will  not 
always  be  sufficient,  and  where  a  rapid  decrease  in  weight  appears 
desirable  instructions  as  to  the  amount  of  the  remaining  foodstuffs 
will  also  be  required.  These  are  very  efficacious,  but  not  altogether 
safe  cures  for  obesity,  which  require  special  supervision  on  the  part 
of  the  physician.  These  are  the  so-called  rapid  cures  which  formerly 
had  so  bad  a  reputation  because  they  caused  so  much  exhaustion.  I 
believe  that  the  bad  consequences  of  these  rapid  cures  can  be  entirely 
avoided  if  it  is  clearly  laid  down  that  while  the  fats  are  reduced  to  a 
minimum  there  should  still  be  a  considerable  amount  of  carbohydrate 
in  the  diet,  even  when  the  total  quantity  of  food  is  largely  dimin- 
ished. The  fats  necessary  for  oxidation  are  easily  taken  by  the 
organism  from  the  natural  fatty  cushions  of  the  body. 

The  knowledge  gained  from  theoretical  and  practical  or  empirical 
sources  of  the  importance  of  allowing  large  amounts  of  carbohydrates 
in  obesity  cures  has  recently  led  to  the  recommendation  of  an  ex- 
clusively vegetable  dietary. 

I  have  carefully  followed  the  practical  results  of  this  attempt  and 
put  together  some  original  observations  on  the  subject.  My  opinion 
is  not  in  its  favor.    A  satisfactory  loss  of  weight  is  attained  by  this 
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method,  but  in  a  large  number  of  cases  there  is  also  a  very  undesirable 
loss  of  strength  and  marked  anemia,  which,  it  is  more  than  probable, 
we  must  attribute  to  the  relative  poverty  in  proteins  of  a  vegetable 
diet.  According  to  my  very  extensive  observations  the  best  results 
are  obtained  in  obesity  cures  when  fats  are  most  completely  excluded 
and  at  least  120  grams  of  protein  are  taken.  As  regards  the  amount 
of  carbohydrates  for  rapid  cures,  at  least  120  to  150  grams  should  be 
allowed  per  diem;  when,  however,  rapidity  is  of  no  importance,  the 
amount  of  carbohydrates  can  be  considerably  larger.  To  a  learned 
audience  I  need  not  insist  on  the  fact  that  the  amount  of  water  in- 
gested is  entirely  without  influence  on  the  process  of  fat  reduction. 
However,  the  reduction  of  the  intake  of  water  may  be  of  great  ther- 
apeutic consequence,  where  it  is  necessary  not  only  to  reduce  the 
deposit  of  fat,  but  also  to  fight  against  disturbances  of  the  circulation. 

2.   OVERFEEDING. 

The  reverse  of  obesity  is  represented  by  those  frequent  cases  in 
which  it  is  the  aim  of  the  medical  art,  and  especially  of  dietetics,  to 
improve  the  condition  of  nutrition.  The  causes  which  lead  to  nutri- 
tion either  becoming  or  remaining  insufficient  are  highly  complex  and 
will  not  be  further  considered  here.  When  we  prescribe  overfeeding 
for  any  individual  we  must  be  quite  clear  in  our  minds  that  by  in- 
creasing the  dietary  we  are,  in  the  main,  only  increasing  the  amount 
of  fat  in  the  body.  Of  course,  proteins  are  well  stored  in  the  body, 
but  even  under  the  most  favorable  circumstances  their  amount  is  very 
small  compared  to  the  increase  in  fats.  Moreover,  it  is  very  ques- 
tionable whether  the  nitrogenous  substances  which  are  retained  during 
overfeeding  really  produce  an  increase  in  the  living  protoplasm. 
Probably  the  greater  part  of  them  only  represent  reserve  material 
which  the  cells  accumulate  in  the  same  way  as  they  do  the  particles 
of  glycogen  and  fat.  It  appears  that  the  storing  of  the  proteins  takes 
place  more  abundantly  when  large  amounts  of  protein  are  included 
in  the  increased  dietary,  and  especially  when  much  casein  and  its 
derivatives  are  given.  Practical  experience,  however,  prevents  us 
from  drawing  a  valuable  lesson  from  this  fact.  Nearly  always  we 
have  to  deal  with  persons  of  small  appetite,  and  we  know  empirically 
that  the  abundant  use  of  proteins  markedly  decreases  their  capacity 
for  the  input  of  other  foodstuffs. 

In  overfeeding  we  can  seldom  give  more  than  100  to  120  grams 
of  protein,  and  we  should  fail  in  attaining  the  object  of  the  cure 
if  we  forced  the  patient  to  take  more  than  this  amount.  With  re- 
gard to  the  nonnitrogenous  foodstuffs  our  attention  must  first  be 
directed  to  the  carbohydrates.    We  know  that  by  the  help  of  these 
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substances  we  can  produce  a  protein  increase  quite  as  well  as  we  can 
by  means  of  the  albuminoids — perhaps  even  in  a  better  and  more  per- 
manent manner.  For  this  reason  a  considerable  amount  of  carbohy- 
drate is  included  in  all  cures  by  overfeeding.  But  the  limit  is  soon 
reached;  nearly  all  carbohydrates  require  considerable  dilution  in 
order  to  make  them  palatable.  With  few  exceptions  the  carbohy- 
drate foods  ready  for  eating  occupy  a  considerable  bulk,  and  they 
therefore  satisfy  the  patient's  appetite  sooner  than  the  conditions  of 
the  cure  require.  I  have  shown  that  in  a  large  number  of  cases  it  is 
exceedingly  difficult  in  overfeeding  to  raise  the  daily  total  of  carbo- 
bydrates  above  250  or  300  grams.  With  the  quantity  of  protein  men- 
tioned above  this  amounts  to  a  caloric  value  of  about  1,200  to  1,400. 
From  this  we  can  of  course  expect  none  of  the  results  of  overfeeding, 
so  that  all  the  positive  results  of  the  cure  must,  in  the  end,  depend  on 
the  amount  of  fat  which  can  be  combined  with  the  proteins  and  car- 
bohydrates. It  is  indeed  no  easy  task  to  introduce  the  wished-for 
amount  of  fat  without  arousing  the  resistance  of  the  patient.  In 
this  connection  great  attention  must  be  paid  to  the  culinary  depart- 
ment. In  overfeeding  cures  as  usually  carried  out  in  my  clinic,  we 
jucceed  on  the  average  in  getting  300  grams  of  fat  ingested,  which 
represents  a  total  of  more  than  2,700  calories,  and  is  a  substantial 
foundation  for  large  and  rapid  results.  It  is  only  with  the  help  of 
such  a  large  amount  of  fat  that  we  have  succeeded  in  securing  an 
average  increase  in  weight  of  2  kilograms  per  week  during  our  cures 
by  overfeeding. 

We  can  thus  see  that  in  both  these  opposing  dietetic  cures  of  reduc- 
tion and  overfeeding  the  result  depends  essentially  on  the  amount  of 
fat  which  is  ingested,  in  the  one  case  by  its  greatest  possible  restric- 
tion and  in  the  other  by  its  greatest  possible  increase. 

3.    GOUT  AND  THE  URIC  ACID  DIATHESIS. 

I  may  now  consider  another  metabolic  disorder,  namely,  gout  and 
the  uric  acid  diathesis.  The  matter  is  comparatively  a  simple  one. 
We  know  that  human  beings  produce  a  certain  amount  of  uric  acid 
during  the  ordinary  work  of  their  tissues;  this  uric  acid  is  termed 
"  endogenous."  We  can  not  influence  its  quantity  by  any  of  the  usual 
methods  at  our  disposal;  we  only  can  bring  about  conditions  which 
favor  its  better  elimination.  The  remaining  portion  of  the  daily 
production  of  uric  acid  is  derived  exclusively  from  the  purin  bodies 
of  the  foodstuffs ;  this  portion  is  termed  "  exogenous."  We  know  that 
purin  bodies  occur  partly  in  the  nuclei  of  the  cells  and  partly  as 
extractive  bodies  of  the  tissue  juices. 

In  persons  with  gouty  tendencies  the  amount  of  food  containing 
purin  bodies  must  be  carefully  controlled.  When  gout  is  fully  de- 
veloped, it  may  be  necessary  to  limit  the  dietary  to  vegetable  foods, 
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or  to  animal  foods  which  do  not  contain  the  stuffs  for  the  formation 
of  uric  acid,  such  as  milk,  milk  preparations,  and  eggs.  However,  it 
is  only  in  the  worst  cases  that  such  a  rigorous  diet  is  absolutely 
essential.  Many  gouty  individuals  are  able  to  tolerate  a  certain 
amount  of  purin  bodies  in  their  food.  The  quantity  of  these  sub- 
stances ought  to  be  pointed  out  in  each  case  if  the  patient  is  to  be 
protected  from  dangers.  Seven  years  ago,  in  a  lecture  at  Chicago, 
I  brought  forward  and  described  such  a  tolerance  test. 

Other  dietetic  considerations  are  not  of  such  fundamental  impor- 
tance in  the  treatment  of  gout.  Of  course,  in  many  cases,  complica- 
tions such  as  excessive  obesity,  or  gastric,  intestinal,  or  cardiac 
troubles  may  arise,  but  these  underlie  the  usual  dietetic  directions 
and  have  nothing  to  do  with  the  primary  metabolic  changes  in  gout, 
which  are  chiefly  concerned  with  the  intake  of  purins. 

4.    DIABETES  MELLITTJS. 

In  this  frequently  occurring  and  important  disorder  of  metab- 
olism, matters  are  by  no  means  so  simple.  The  time  at  my  disposal 
will  not  allow  me  to  discuss  this  condition  at  great  length ;  a  lecture 
of  many  hours'  duration  would  hardly  suffice  for  anything  like  a  full 
consideration.  An  excessive  activity  of  the  sugar- forming  function 
of  the  liver  is  a  chief  feature  in  diabetes.  More  sugar  is  formed 
than  the  tissues  can  assimilate.  The  greater  the  activity  of  the  sugar- 
forming  apparatus,  the  greater  the  manifestations  of  diabetes.  Our 
efforts  must  be  directed,  therefore,  to  diminish  the  abnormal  activity. 
The  most  important  excitants  of  the  sugar-forming  functions  are  the 
carbohydrates  of  the  food,  and  we  are  called  upon  to  restrict  these 
as  much  as  possible. 

It  has  become  almost  an  axiom  that  we  must  diminish  or  exclude 
carbohydrates  from  the  dietary  in  order  to  decrease  the  sugar  out- 
put in  the  urine,  but  we  know  to-day  that  this  is  only  a  matter  of  sec- 
ondary importance  in  diabetic  treatment,  and  that  it  is  much  more 
important  to  treat  the  causes  of  the  glycosuria  and  hyperglycaemia, 
i.  e.,  to  diminish  the  abnormal  activity  of  the  sugar-forming  proc- 
esses. Hence,  the  prohibition  of  carbohydrates  appears  in  a  new 
aspect — one  which  is  more  rational  and  important  than  the  older 
views.  We  understand  now  the  healing  influence  of  a  long  period 
of  carbohydrate  starvation;  we  thus  exclude  the  harmful  influence 
of  continuous  stimulation  of  the  sugar  factory.  The  researches  of 
recent  years  have  taught  us  that  proteins  also  act  as  powerful  ex- 
citants on  the  sugar  factory.  It  is  not  so  much,  it  appears,  a  matter 
of  the  carbohydrate  moiety  of  certain  proteins  or  the  formation  of 
sugar  from  the  amino-acids  of  the  protein  molecules  as  the  fact  that 
it  is  the  chemical  work  of  the  liver,  necessary  for  the  assimilation 
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and  disintegration  of  protein  bodies,  which  acts  as  a  stimulant  to 
the  sugar-forming  processes.  I  may  venture  the  statement  that 
while  carbohydrates  supply  the  nutriment  for  a  working  animal,  the 
proteins  act  as  a  whip.  Both  result  in  the  production  of  consider- 
able energy,  but  the  ways  are  different.  Practical  experiences  teach 
us  that  the  various  proteins  differ  in  their  powers  of  exciting  the 
production  of  sugar;  for  instance,  the  protein  of  meat  and  milk 
stimulate  it  more  than  that  of  eggs  and  of  vegetables.  We  have  also 
learned  that  the  administration  of  proteins  and  carbohydrates  at 
the  same  time  is  followed  by  a  greater  sugar  output  than  when  they 
are  given  separately  with  a  few  hours'  interval  between  the  meals. 

Investigations  upon  the  respiratory  exchange  in  diabetes  have 
shown  that  the  detrimental  effects  of  protein  upon  the  metabolic 
functions  of  diabetics  are  chiefly  related  to  the  specific  dynamic  in- 
fluence of  protein  upon  the  total  metabolism.  In  healthy  individuals 
this  influence  is  but  slight  and  only  assumes  importance  under  special 
sets  of  conditions  (Rubner),  but  when  the  processes  of  oxidation 
are  increased  the  influence  becomes  distinctly  recognizable.  To-day 
we  know,  indeed,  through  the  valuable  researches  of  Benedict,  Joslin, 
and  Falta,  that  in  severe  cases  of  diabetes  the  total  oxidation  proc- 
esses show  a  marked  increase.  A  practical  consequence  of  this  is 
that  we  no  longer  prescribe  such  large  amounts  of  albumin,  and 
especially  of  meat,  as  we  at  one  time  did,  and  it  is  a  marked  step 
forward  to  be  able  to  say  that  under  such  conditions  a  larger  amount 
of  carbohydrates  are  admissible.  The  researches  which  I  published 
some  12  years  ago  showed  that  by  the  entire  exclusion  of  meat 
from  the  dietary  it  was  even  possible  to  allow  the  diabetic  patient 
for  a  while  to  take  an  enormous  quantity  of  carbohydrate.  A  number 
of  comprehensive  investigations  have  revealed  the  fact  that  under 
such  conditions  the  starch  present  in  oaten  foods  is  the  most  favor 
able  one.  Next  in  order  comes  banana  meal,  large  quantities  of 
which  have  been  kindly  supplied  to  me  for  the  purpose  of  research 
by  the  American  Department  of  Agriculture.  Of  less  value,  but 
still  of  practical  utility  for  the  diabetic,  when  meat  is  excluded,  are 
wheat,  rye,  and  potato  starches.  These  differences  in  the  assimila- 
tion of  the  various  carbohydrates  are  very  remarkable,  and  as  yet 
we  have  no  satisfactory  theory  to  advance  as  an  explanation  thereof. 
The  facts,  however,  are  incontrovertible  and  possess  great  importance 
for  the  therapist. 

5.    FEVER    AND    GRAVES^    DISEASE. 

Certain  conditions,  associated  with  a  general  increase  of  the  total 
metabolism,  present  a  somewhat  similar  picture  to  that  of  diabetes. 
They  are,  if  we  neglect  the  rarer  diseases,  febrile  conditions  and 
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Graves's  disease.  It  has  long  been  a  matter  of  everyday  experience 
that  patients  with  fever  do  not  stand  meat  food  well  and  that  this 
defect  is  not  so  much  due  to  changes  in  the  digestive  organs  as  to 
the  peculiar  influence  of  meat  on  the  general  condition  and  on  the 
temperature.  Similarly,  in  thyroid  disease  a  diet  containing  little 
meat  is  better  for  the  patient  than  one  containing  much  meat,  espe- 
cially at  the  period  when  there  is  a  tendency  to  emaciation.  This 
was  empirical  treatment  at  one  time,  but  now,  owing  to  observations 
made  in  my  clinic,  it  has  been  placed  on  a  sound  basis,  for  it  has 
been  shown  that  in  these  patients  the  specific  dynamic  effect  of 
albumin,  and  especially  of  meat,  is  much  greater  than  in  the  healthy. 
I  believe  that  this  little  recognized,  and  by  some  denied,  effect  of  the 
specific  dynamic  influence  of  various  foodstuffs  is  of  greater  impor- 
tance for  the  sick  than  for  the  healthy  and  calls  for  further  inquiry. 

6.    DISEASES  OF  THE  STOMACH  AND  INTESTINES. 

I  turn  next  to  the  diseases  of  the  digestive  organs.  Naturally,  in 
these  conditions  the  choice  of  food  is  of  great  importance.  If  I  re- 
strict the  discussion,  in  accordance  with  my  introductory  sentences,  to 
the  significance  of  the  selection  of  proteins,  fats,  and  carbohydrates 
in  the  therapy  of  these  diseases,  I  may  consider  the  available  facts 
under  one  heading. 

In  the  majority  of  the  digestive  disorders  it  is  possible  to  utilize 
the  most  of  the  various  types  of  proteins,  fats,  and  carbohydrates, 
and  the  art  of  the  physician  consists  only  in  the  right  mingling  of 
the  foodstuffs  and  in  the  right  measuring  of  the  relative  quantities 
of  each  and  in  instructions  for  their  proper  preparation  for  con- 
sumption. This  is  more  a  question  of  culinary  technics  than  of 
metabolism.  The  individuality  of  the  patient  also  is  a  matter  which 
calls  for  special  attention  in  gastric  and  intestinal  troubles,  per- 
haps even  more  so,  than  actual  scientific  hard-and-fast  rules. 
Therefore  the  success  of  the  treatment  depends  largely  upon  the  per- 
sonality of  the  physician.  The  intuition  which  enables  the  appre- 
ciation of  the  outstanding  features  and  capacities  of  the  individual 
patient  is  not  given  to  everyone.  However,  some  directions  may  be 
of  value.  I  may  shortly  remind  you  that  when  the  hepatic  or  pan- 
creatic secretions  are  obstructed,  and  so  do  not  play  their  part  in  the 
intestine,  fat  is  badly  digested  and  important  disturbances  result. 
The  view  that  fatty  foods  also  are  harmful  in  gastric  diseases  had 
gained  a  wide  acceptance,  but  except  in  acute  gastritis  it  is  not  really 
so.  The  difficulty  may  be  easily  overcome  by  selecting  the  right  type 
of  fatty  food  and  preparing  it  in  a  suitable  manner.  This  statement 
is  now  perhaps  chiefly  of  historical  interest,  for  it  is  quite  20  years 
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ago  since  I  first  called  attention  to  this  fact.  (Berliner  Klinik, 
Heft  55,  1803.) 

Less  well  known  is  the  effect  of  the  mixture  of  meat  and  carbo- 
hydrate. Many  patients  suffering  from  chronic  constipation  or 
chronic  or  recurrent  diarrhea  exhibit  marked  improvement  when 
meat  or  carbohydrates  are  given  separately,  whilst  the  same  foods 
given  together  appear  to  aggravate  the  conditions.  We  may  remem- 
ber that  there  are  many  bacteria  which  yield  different  fermentation 
products  when  incubated  upon  a  medium  containing  protein  only, 
from  those  when  grown  upon  a  mixture  of  protein  and  carbohydrate. 
One  of  my  assistants,  H.  Eppinger,  has  found  that  in  some  stools 
there  are  bacteria  present  which,  when  grown  upon  a  protein-carbo- 
hydrate medium,  produce  poisons  which  are  harmful  to  the  autono- 
mous nervous  system.  Clinical  experience  has  shown  that  while  in 
some  cases  unfavorable  effects  are  produced  by  a  mixture  of  milk 
with  the  disaccharides,  such  as  milk  sugar  and  cane  sugar  with  meat, 
such  effects  are  avoided  when  a  monosaccharide  replaces  the  other 
sugars.  The  monosaccharide  is  absorbed  before  it  harms.  It  is  a 
significant  fact  that  in  the  old  Mosaic  law  one  finds  the  enactment 
that  milk  and  meat  shall  not  be  eaten  together.  The  many  observa- 
tions of  the  harmful  effects  of  this  mixture  justify  the  Mosaic  rule. 

An  interesting  and  little  recognized  clinical  picture  sometimes  is 
associated  with  chronic  constipation.  The  patient  complains  of  pains 
in  certain  nerve  areas  and  the  symptoms  are  frequently  put  down 
to  rheumatism  or  gout.  A  careful  examination  shows,  however,  that 
there  is  a  widely  spread  neuritis  and  one  which  must  be  considered 
as  an  "  elective  neuritis  "  of  the  sensory  nerves.  The  urine  contains 
a  large  amount  of  indican — frequently  four  or  five  times  the  normal 
quantit}'.  All  the  ordinary  forms  of  treatment,  such  as  hot  baths, 
electricity,  drugs,  etc.,  prove  useless.  We  may  not  wonder  at  this,  for 
it  is  a  toxic  neuritis  of  intestinal  origin.  The  neuritis  disappears  with 
astonishing  rapidity  when  the  abnormal  intestinal  decompositions 
are  stopped.  To  produce  the  alteration  in  the  intestinal  fermenta- 
tion may  require  some  considerable  time  and  may  call  for  the  trial 
of  many  dietetic  methods  before  a  successful  result  is  attained.  In 
some  specially  interesting  and  typical  cases  it  is  necessary  to  prohibit 
meat  foods  for  many  weeks  and  to  give  large  quantities  of  milk  (or 
better,  "  yoghurt  ") ,  whereby  the  fermentations  yielding  indol  and 
skatol  may  be  safely  repressed.  If  this  treatment  be  continued  suffi- 
ciently long  a  return  to  a  meat  diet  may  be  permitted.  In  the  mean- 
time the  bacteria  responsible  for  the  abnormal  fermentative  changes 
will  have  disappeared.  I  mention  this  method  as  an  example  only. 
for  it  does  not  suffice  in  all  cases.  Sometimes  an  entirely  different 
dietary  must  be  chosen.    The  relationships  of  certain  definite  proteins 
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and  carbohydrates  appear  to  possess  important  and  weighty  thera- 
peutic powers.  I  hope  during  the  course  of  the  next  few  years  to 
publish  the  results  of  an  extended  investigation  upon  the  subject. 
The  difficult  bacteriological  experiments  require  considerable  time, 
although  the  therapeutic  effects  in  the  frequent,  stubborn,  and  painful 
type  of  enterogenous  neuritis  already  are  quite  evident  to  me. 

4.    DISEASES   OF   THE    KIDNEY. 

I  have  chosen  for  the  last  group  of  diseases  on  which  I  shall  speak 
the  diseases  of  the  kidney.  Of  the  three  principal  groups  of  food- 
stuffs, the  proteins,  the  fats,  and  the  carbohydrates,  the  protein  is  the 
only  one  of  special  significance  in  diseases  of  the  kidney,  for  the  more 
protein  that  is  broken  down  in  the  body  the  more  will  the  kidneys 
be  tired  out  with  work.  The  fact  that  medical  practice  has  for  a 
long  time  insisted  on  the  value  of  a  minimum  intake  of  all  forms 
of  protein  in  nephritis,  is  a  special  expression  of  the  general  view 
that  damaged  organs  require  the  greatest  possible  amount  of  rest. 
We  now  know  through  the  fascinating  researches  of  Chittenden  that 
a  diet  poor  in  proteins  can  be  borne  much  longer  and  much  better 
than  was  formerly  thought  to  be  the  case.  Moreover,  the  necessity 
for  protecting  the  kidneys  demands  that  extractives  and  all  spices 
which  are  to  be  excreted  by  the  kidneys  shall  be  reduced  to  the  smallest 
possible  amount.  I  can  not  now  go  into  details.  It  is,  however,  com- 
paratively recent  that  we  have  learned  that  this  does  not  represent  all 
that  we  can  do  for  the  protection  of  the  kidneys.  The  enormous 
amount  of  work  undertaken  by  the  kidneys  in  the  excretion  of  water 
and  salts  was  not  formerly  sufficiently  appreciated.  From  the  point 
of  view  of  the  expenditure  of  energy  it  is  markedly  greater  than  the 
work  involved  in  the  excretion  of  the  organic  products  of  metabolism. 
For  this  reason,  in  many  cases  of  nephritis  it  is  necessary  on  the  one 
hand  to  order  a  diet  poor  in  common  salt,  and  on  the  other  to  restrict 
the  intake  of  fluids.  Frequently  it  is  necessary  to  combine  both  these 
methods ;  in  some  cases  the  greatest  stress  must  be  laid  upon  reducing 
the  fluids,  and  again  in  others  upon  limiting  the  common  salt.  The 
latter  is  most  important  when  a  true  inflammatory  or  degenerative 
process  is  evident  in  the  organ;  whereas  the  diminution  of  the  fluid 
intake  is  of  great  and  especial  use  in  those  much  more  numerous  cases 
in  which  disease  of  the  vascular  apparatus  of  the  kidneys  dominates 
the  clinical  picture. 

I  will  now  conclude  the  review,  which  I  wish  to  present  of  the 
relations  of  disease  to  the  selection  of  foodstuffs.  I  have  had  to 
refrain  from  going  fully  into  the  clinical  details  which  make  the 
questions  we  have  raised  so  full  of  interest.  The  deeper  we  probe 
these  questions  the  broader  and  firmer  appear  those  great  .principles 
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which  I  have  here  endeavored  to  lay  down ;  but,  on  the  other  hand, 
we  are  always  learning  to  appreciate  fresh  difficulties  which  warn 
us  not  to  adopt  an  attitude  of  rigid  dogmatism.  Almost  every  case 
of  disease  teaches  us  that  there  are  limits  to  scientific  dietetics.  At 
the  bedside  we  have  to  deal  not  only  with  diseased  organs  and  dis- 
turbances of  particular  functions,  but  with  sick  people;  and  there- 
fore we  have  to  consider  all  the  characteristics  which  a  person  has 
developed  in  the  course  of  years  and  which  differentiate  him  from 
the  generality  of  mankind.  This  is,  unfortunately,  often  forgotten, 
and  it  is  an  everyday  experience  that  hard  and  fast  dietetic  rules 
are  laid  down  and  carried  out  which  only  regard  the  name  of  the 
disease  and  do  not  take  any  account  of  the  individuality  of  the 
patient.  The  art  of  the  physician  begins  at  that  point  where  the 
principles  of  dietetics  have  to  be  brought  into  correspondence  with 
the  special  characteristics  of  the  particular  case.  It  is  only  when 
both  a  knowledge  of  the  dietetic  data  and  the  individualizing  art 
go  hand  in  hand  that  the  therapeutics  of  diet  can  display  the  powers 
with  which  it  really  is  endowed. 


DIET  IN  RELATION  TO  DISEASE. 

Axel  Holst,  Professor  of  Hygiene,  University  of  Christiania,  Norway. 

Apart  from  the  diseases  produced  by  microbes  or  substances  of  a 
general  poisonous  nature,  our  diet  can  become  injurious  because  it 
contains  too  much,  or,  vice  versa,  because  it  contains  too  little,  of 
certain  constituents. 

In  a  short  paper  it  is  impossible  to  enter  into  all  details  of  this 
important  chapter  of  pathology.  As  far  as  "  too  much  "  is  con- 
cerned, I  therefore  limit  myself  to  summarize  the  well-known  fact% 
that  if  we  take  too  large  quantities  of  food,  the  metabolism  may  be 
unequal  to  the  task,  or  the  functions  of  the  stomach  and  intestines 
may  be  injured.  Chiefly,  though  not  always,  this  concerns  predis- 
posed individuals.  How  an  overfeeding  may  produce  adipositas 
nimia  and  perhaps  a  fatty  liver;  how  it  affects  children  fed  on  artificial 
food  ("  Milchnahrschaden  "  and  "  Mehlniihrschaden  "  of  the  Ger- 
mans) and  may,  in  connection  with  the  influence  of  the  summer  heat, 
produce  many  cases  of  summer  diarrhea ;  how  the  "  purines,"  being 
harmless  to  normal  people,  may  produce  arthritis  urica  in  predis- 
posed persons;  how  the  same  applies  to  the  influence  of  carbo- 
hydrates on  diabetics;  how  albuminous  substances  may  cause,  in  some 
persons,  cystinuria — these  and  many  other  questions  concerning  a 
"  too  much  "  of  food  or  constituents  of  food  the  time  prevents  me 
from  answering.     But  I  hope  that  some  of  the  gentlemen  present, 
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more  experienced  than  myself,  will  be  able  to  give  further  comments 
on  these  matters. 

As  for  a  diet  containing  "  too  little  "  of  all  or  certain  constituents, 
I  shall  not  stop,  either,  at  the  ordinary  underfeeding.  I  want,  how- 
ever, to  draw  attention  to  some  diseases  due  to  a  so-called  "  partial " 
underfeeding,  that  is,  diseases  due  to  a  food  in  which  only  one  or 
some  few  constituents  are  wanting. 

I  start  by  mentioning  that  a  deficiency  of  different  sorts  of  salts 
may  cause  disease.  For  instance,  too  small  quantities  of  lime  pro- 
duce a  pseudorachitis ;  a  deficiency  of  lime  seems  also  to  cause  a 
rise  of  the  temperature,  as  well  as  of  the  electrical  irritability  of  the 
muscles  of  nerves ;  therefore,  some  authors  maintain  the  opinion  that 
a  deficiency  of  lime  may  cause,  to  some  extent,  the  spasmophilia  of 
children.  It  has  also  often  been  pointed  out  that  a  prolonged  feeding 
on  cows'  milk  only  may  produce  an  anemia  due  to  the  milk's  contain- 
ing too  little  of  iron.  Nor  can  we  live  without  albuminous  sub- 
stances, or  the  products  of  their  assimilation.  I  beg  also  to  recall 
the  experiments  of  Willcock  and  Hopkins,  showing  that  mice  living 
on  zein  (and  a  mixture  of  carbohydrates,  fat,  and  salts),  died  much 
quicker  than  when  some  tryptophan  was  added  to  their  food. 
Finally,  if  the  diet  does  not  contain  a  certain  amount  of  carbo- 
hydrates, the  oxydation  of  the  fats  becomes  deficient,  causing  the 
formation  of  acids  and  an  "  acidosis." 

Above  all,  however,  I  want  to  draw  attention  to  the  "  partial " 
underfeeding  causing  beriberi  and  scurvy.  The  reason  is,  in  the  first 
place,  that  these  two  diseases  are  the  maladies  I  know  from  personal 
experience.  In  the  second  place,  several  facts  concerning  just  these 
diseases  show,  in  a  most  pregnant  way,  that  our  scientific  knowledge 
of  diet  in  relation  to  disease,  as  well  as  to  health,  is,  at  present,  rather 
incomplete. 

I  beg  to  start  with  the  following  introductory  remarks : 

As  for  beriberi,  Eijkman  has  stated  that  chickens  become  para- 
lyzed and  die  with  a  polyneuritis  when  fed  on  rice  groats  ("  polished 
rice  ")  only;  but  they  do  not  get  ill  when  small  quantities  of  rice  bran 
("  polishings  of  rice  ")  are  added  to  the  groats.  Polyneuritis  being 
also  the  characteristic  symptom  of  human  beriberi,  Dr.  Vorderman 
examined  the  prisons  of  Java,  and  stated  beriberi  to  be  frequent  when 
the  prisoners  ate  rice  groats  as  their  staple  diet,  and,  vice  versa, 
where  the  groats  contained  rice  bran  the  disease  was  very  seldom 
observed.  Later  on,  Grijns  has  found,  in  Java,  that  pigeons,  too, 
get  polyneuritis  when  fed  on  rice  groats  only,  and  that  the  beans 
that  the  Malays  call  Katjang  hidjoe  (phaseolus  radiatus)  have  the 
same  preventive  influence  on  the  polyneuritis  of  poultry  as  rice  bran. 
Basing  their  work  on  these  observations,  Kiewit  de  Jonge  and  TTuls- 
hoff  Pol  have  proved,  by  means  of  extensive  experiments  on  man, 
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that  these  beans  also  prevent  and  cure  human  beriberi.  In  the  mean- 
time, Bradclon  had  observed  that  the  Tamils,  a  tribe  in  India,  do 
not  get  beriberi  as  long  as  they  use  their  own  rice.  This  so-called 
"  cured "  ("  parboiled ")  rice  is  prepared  in  such  a  way  that  it 
contains  much  bran.  Therefore,  "cured  rice"  has  been  introduced, 
to  a  large  extent,  in  India  and  the  Philippines,  and  has  been  proved 
to  be  of  the  greatest  benefit  as  a  preventive  as  well  as  a  curative 
remedy  against  this  scourge  of  the  tropical  countries.  (Ellis> 
Fletcher,  Fraser  and  Stanton,  Heiser.)  The  same  applies  to  a 
simple  addition  of  rice  bran  to  ordinary  rice  groats  (French  Cochin 
China). 

These  researches  have  been  proved,  by  means  of  experiments  on 
poultry,  to  be  due  to  some  hitherto  not  defined  nutritive  constituents 
being  wanting  or  not  present  in  sufficient  quantities  in  the  rice  groats 
(that  is,  the  inner  layers  of  the  grain),  while  they  are  contained  in 
the  bran  (that  is,  the  outer  layers  of  the  grain).  They  can  be 
extracted  by  means  of  water  (Eijkman),  or  neutral  (Eijkman),  or 
acid  alcohol  (Fraser  and  Stanton,  Shiga  and  Kusama),  and  prevent 
the  disease,  not  only  when  given  in  the  food,  but  also  subcutaneously 
(Eijkman).  Basing  his  statement  on  extensive  and  suggestive  ex- 
periments, Schaumann  has  started  the  idea  that  these  constituents 
represent  compounds  of  phosphorus;  however,  Eijkman,  Fraser  and 
Stanton,  and  Funck  have  come  to  different  conclusions. 

As  for  scurvy,  this  disease  has  been  studied  by  experiments  on 
animals  at  the  Hygienic  Institute  of  the  University  of  Christiania. 
When  fed  on  a  one-sided  diet  consisting  of  bread,  groats,  or  grains 
only,  guinea  pigs  always  die,  mostly  after  about  four  weeks.  They 
always  show  loose  teeth,  and  often,  but  not  always,  hyperemic  gums. 
In  about  80  per  cent  of  the  animals  there  appear  hemorrhages^ 
in  accordance  with  certain  reports  on  infantile  scurvy  (for  instance, 
Barlow's)  tfiey  appear  rather  seldom  in  the  skin,  but  mostly  round 
the  knee  joints  and  the  foremost  ends  of  the  ribs  at  their  connections 
with  the  cartilages.  These  latter  hemorrhages  are  characteristic 
of  human  scurvy,  in  infants  as  well  as  in  adults.  There  appear,, 
further,  in  the  majority  of  cases,  so-called  separations  of  the  epi- 
physes of  the  tubular  bones,  that  is,  fractures  at  the  epiphyseal  ends 
of  their  shafts.  These  separations,  too,  are  characteristic  of  scurvy 
in  man  as  long  as  the  ossification  is  not  yet  finished.  Finally,  the 
animals  show  almost  constantly  the  peculiar  microscopical  changes 
of  the  bone  system  which  are  specific  to  human  scurvy. 

That  is,  at  the  foremost  ends  of  the  ribs,  at  their  connections  with 
the  cartilages,  and  at  the  ends  of  the  shafts  of  the  tubular  bones, 
just  beneath  the  intermediate  cartilages,  the  normal,  closely  packed 
lymphoid  cells  of  the  bone  marrow  disappear  and  are  substituted 
by  a  fibrillated  or  reticular  tissue  which  is  poor  in  cells  and  often 
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contains  hemorrhages.  However,  the  identity  of  this  experimental 
disease  with  human  scurvy  is  not  limited  to  the  pathological  anatomy 
only ;  the  same  applies  to  its  etiology.  Apart  from  other  facts  men- 
tioned below,  human  scurvy,  too — in  infants  as  well  as  in  adults — 
has  often  been  seen  to  be  produced  by  a  prolonged  one-sided 
diet  consisting  of  farinaceous  nutriments  only  (siege  of  Paris; 
famines  in  Eussia;  failures  of  the  potato  crop  in  the  northern  part 
of  Norway;  Barlow's  observations  on  the  appearance  of  infantile 
scurvy  after  a  prolonged  feeding  on  different  sorts  of  patented 
farinaceous  infants'  foods;  a  one-sided  feeding  with  the  latter  pro- 
duces also  the  experimental  disease).  On  the  other  hand,  the  "anti- 
scorbutic "  vegetables,  preventing  and  curing  human  scurvy,  do  also 
prevent  and  cure  the  experimental  disease.  I  may  also  add  that 
lime  juice,  having  so  great  a  reputation  as  a  human  antiscorbutic, 
also  influences  the  experimental  disease  in  a  markedly  favorable 
way.  Finally,  pigs,  too,  get  experimental  and  typical  scurvy  when 
fed  on  rye  bread  only. 

This  disease,  too,  has  to  be  explained  by  some  nutriments  con- 
taining or  not  containing  sufficient  quantities  of  peculiar  constituents 
being  present  in  other  articles  of  food.  We  have,  in  Christiania, 
been  able  to  extract  them  by  boiling  freshly  dried  cabbage  with  a 
solution  of  one-half  per  cent  citric  acid  in  water.  Not  as  good,  but 
still  of  a  pronounced  preventive  influence,  are  extracts  prepared  by 
acid  alcohol.  As  for  the  nature  of  these  substances,  however,  we 
are,  at  present,  only  able  to  tell  that  there  must  exist  more  than 
one  of  them.  This  will  be  evident  from  different  facts  mentioned 
below. 

Taking  these  two  diseases  as  my  starting  point,  I  shall  try  to 
show  how  different  sorts  of  diet  possess — or  not  unlikely  may 
possess — injurious  or  beneficial  qualities  that  we  are  not  accustomed 
to  imagine  and  which  not  seldom  are  of  an  astonishing  and  at 
present  unexplainable  character. 

1.  Grains,  groats,  flour,  dried  deans,  and  peas,  when  of  good 
quality,  we  do  not,  as  a  rule,  consider  as  sources  of  disease.  'Never- 
theless we  ought  not  to  let  them  pass  without  closer  observation. 

Starting  with  the  criterion  of  the  diet  causing  beriberi — that  is, 
the  polyneuritis  of  poultry — no  sorts  of  unmilled  grains  examined 
have  been  able  to  produce  this  disease.  The  same  has  been  found 
to  apply  to  oaten  groats  and  flour,  as  well  as  to  rye  flour.  On  the 
other  hand,  apart  from  rice  groats,  also  barley  groats  and  flour, 
when  given  as  the  only  nutriment,  provoke  it;  and — what  is  rather 
astonishing — the  same  applies  to  wheat  flour.  As  for  preventive 
articles  of  food  we  have  seen  that  the  phaseolus  radiatus  beans 
prevent  (and  cure),  not  only  the  experimental  disease,  but  also 
human  beriberi.     Further  experiments  (in  Christiania)  have  shown 
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that  ordinary  dried  peas,  as  used  on  board  of  ships,  prevent  the 
experimental  disease  exactly  as  well  as  phaseolus  radiatus.  How- 
ever, this  does  not  apply  to  the  Javanese  Soya  beans  (soya  hispida 
tumida  Java)  ;  and  still  they  contain  about  twice  as  much  albuminous 
substances,  seven  times  as  much  fats,  and  37  per  cent  as  much  ashes 
as  phaseolus  radiatus  (Grijns). 

These  facts  are  also  of  interest  when  studying  the  so-called  ship- 
beriberi  on  board  Norwegian  ships.  Till  1894,  Norwegian  sailors  ate, 
on  long  voyages,  rye  biscuits,  and  got  almost  daily,  or  four  to  five 
times  a  week,  peas  and  salt  meat  for  dinner.  In  order  to  spare  the 
teeth  of  the  sailors,  and  make  the  food  less  monotonous,  there  was 
introduced,  in  1894,  a  new  scale  of  diet.  After  this  time,  the  sailors 
have  baked  soft  bread  on  board,  using  wheat  flour  or  a  mixture  of 
wheat  and  rye  flour,  in  proportions  1:1  or  2 : 1 ;  at  the  same  time, 
peas  have  only  been  used  once  or  twice  a  week.  (For  a  substitution 
of  salt  by  tinned  meat,  see  below.)  But  the  results  did  not  prove 
equal  to  the  expectations.  Because,  till  1894,  Norwegian  ships  have 
been  practically  free  from  beriberi;  after  this  year,  however,  they 
have  suffered  very  heavily  from  it.  This  accident  coincides  with  the 
fact  that  not  only  wheat  flour,  but  also  the  said  mixture  of  rye  and 
wheat  flour  (but  not  pure  rye  flour)  produces  polyneuritis  of  poultry, 
and  vice  versa :  that  the  reduction  of  the  peas  reduced  the  quantity  of 
a  preventive  remedy  against  this  disease. 

Contrary  to  these  results,  however,  all  sort  of  grains,  groats  and 
bread  produce,  when  used  as  a  one-sided  diet,  experimental  scurvy. 
As  far  as  wheat  and  rye  bread  is  concerned,  this  applies  also  to  scurvy 
in  man.  (Siege  of  Paris;  northern  Norway.)  However,  in  order  to 
produce  the  latter  disease,  a  one-sided  diet  consisting  of  bread  must  be 
continued  for  months.  This  is  the  reason  why  the  short  "  water-and- 
bread  "  penalty  of  our  days  does  not  provoke  scurvy ;  in  former  days 
it  lasted  sometimes  for  months,  and  scorbutic  cases  were  frequent. 
Most  surprisingly,  also,  a  one-sided  diet,  consisting  of  rice  groats 
continued  for  months,  has  been  observed  to  provoke  human  scurvy 
(Siege  of  Paris;  very  likely  the  patients  also  suffered  from  symp- 
toms of  beriberi;  but  this  is  not  mentioned  in  the  reports).  I  may 
add,  that  a  one-sided  food,  consisting  of  rice  groats  only,  also  pro- 
duces scurvy  in  guinea  pigs.  As  for  peas,  they  prevent  neither  the 
experimental  nor  the  human  scurvy.  With  respect  to  beans,  I  have 
no  information. 

2.    FRESH    VEGETABLES    AND   FRUITS. 

As  for  beriberi,  I  limit  myself  to  mentioning  that  fresh  vegetables 
have  a  marked,  though  not  always  satisfactory,  curative  and  pre- 
ventive effect  on  ship  beriberi.  Fresh  carrots  and  cabbage  prevent 
also  the  polyneuritis  of  poultry,  but  only  in  comparatively  large 
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quantities.  Very  likely  this  may  explain  why  Hulshoff  Pol  has  not 
obtained  satisfactory  results  when  experimenting  with  vegetables  on 
cases  of  human  beriberi. 

As  far  as  human  scurvy  is  concerned,  it  is  an  old  observation  that 
fresh,  raw  or  boiled,  succulent  vegetables  are  antiscorbutics,  and 
that  this  quality  is  most  pronounced  when  they  are  raw.  Though 
less  known,  it  is  also  an  old  tradition  that  the  preventive  influence  of 
some  fresh  fruits  is  markedly  best  when  they  are  unripe ;  with  regard 
to  the  fruits  of  the  so-called  guava,  the  correctness  of  this  tradition 
has  been  proved,  in  the  18th  century,  by  direct  experiments  on  man 
(Trotter,  medic,  nautica).  However,  when  considering  the  experi- 
mental scurvy  of  guinea  pigs,  we  meet  with  a  good  many  other  aston- 
ishing facts.  For  instance,  if  the  fresh  leaves  of  cabbage  are  boiled 
for  1  hour  at  100°  C,  they  lose  some,  but  not  much,  of  their  pro- 
nounced antiscorbutic  qualities.  These  qualities  belong  also  to  the 
unboiled,  freshly  pressed  and  filtered  juice  of  cabbage;  and  still  the 
juice  loses  most  of  its  preventive  power  when  heated  for  10  minutes 
at  60°  C.  Again,  the  freshly  pressed  and  equally  anticorbutic  juice  of 
sorrel  resists  a  boiling  for  10  minutes  at  100°  C.  This  juice  is 
markedly  acid,  and  if  a  small  quantity  of  citric  acid  is  added  to  the 
juice  of  cabbage,  this  juice,  too,  acquires  the  same  resistance.  On  the 
other  hand,  these  acid  juices  lose  their  antiscorbutic  qualities  when 
kept,  for  some  months,  in  closed  bottles.  However,  contrary  to  this 
result,  lime  juice  apparently  can  be  kept  for  any  time  without  losing 
its  preventive  properties. 

How  far  we  are  from  an  extensive  knowledge  of  the  influence  of 
the  vegetable  kingdom  on  health  also  appears  from  the  following 
facts.  In  the  old  times  several  expeditions  suffering  from  scurvy 
recovered  by  using  a  decoction  of  fresh  pine  needles.  This  decoc- 
tion has  also  a  markedly  favorable  influence  on  the  scurvy  of  guinea 
pigs.  Who  taught  these  old  expeditions  to  do  so?  Who  taught 
Cartier,  on  his  second  voyage  to  Newfoundland  in  1535,  to  use  this 
remedy  with  the  greatest  benefit,  when  only  three  of  his  110  men  were 
left  sound  from  scurvy? 

3.   FRESH  ANIMAL  NUTRIMENTS. 

When  added  to  rice  groats,  fresh  meat  boiled  at  100°  C.  does  not 
protect  against  the  polyneuritis  of  poultry,  though  it  prolongs  the 
disease  (Eijkman).  Neither  does  it  prevent  human  beriberi,  as 
far  as  we  can  judge  from  ship  beriberi,  and  the  same  applies  to 
human  scurvy  when  meat  is  not  used  as  the  only  nutriment.  How- 
ever, some  old  North  American  Indian  tribes  have  used  meat  as  their 
only  nutriment  without  getting  scurvy.1  The  same  is  said  to  apply 
to  the  old  North  American  trappers  *  and  to  the  Samojeds. 
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As  for  fresh  cow's  milk,  its  influence  on  beriberi,  or  polyneuritis  of 
poultry,  is  not  yet  known.  However,  it  prevents  infantile  scurvy 
when  raw,  but  does  not  when  heated  to  70°  C.  or  more.  Exactly  the 
same  applies  to  the  influence  of  raw  and  heated  milk  on  experimental 
scurvy  ( Frohlich ) . 

Proceeding  to  some  other  animal  nutriments,  once  more  we  meet 
with  some  strange  phenomena.  For  instance,  the  yolk  of  eggs  pro- 
tects against  the  polyneuritis  of  poultry,  while  the  effect  of  the 
white  of  eggs  is  very  uncertain  (Eijkman).  And  when  the  Eskimos 
are  afflicted  by  scurvy  their  best  remedy  is  not  sorrel,  or  scurvy 
grass,  etc.  As  soon  as  they  use  the  fresh  liver  of  seals,  and,  above  all, 
so-called  fresh  "  matak,"  that  is,  the  rete  Malpighi  of  the  skin  of 
whales,  they  recover  rapidly  (Bertelsen  and  others) — a  most  extraor- 
dinary remedy. 

4.    PRESERVED   FOODS. 

When  the  tinning  of  meat  was  invented,  it  seemed  to  mark  an 
important  progress.  When  prepared  carefully  such  meat  is  sterile 
and  protected  against  decomposition;  at  the  same  time,  when  ex- 
amined by  means  of  the  usual  chemical  tests,  it  appears  to  be  as 
wholesome  as  fresh  meat. 

However,  when  examined  by  means  of  biological  methods,  it  turns 
out  differently.  In  the  factories  tinned  meat  is  boiled  for  about 
one  hour  at  120°  C.  However,  if  fed  on  such  meat  only,  but  not  on 
meat  boiled  for  the  same  time  at  100°  C,  chickens  die  from  the  same 
polyneuritis  as  when  fed  on  rice  groats.  Even  when  boiled  for  one- 
half  hour  at  110°  C.  the  meat  produces  the  disease  (Grijns,  the 
author).  This  latter  "steam  boiling"  is  used  for  cooking  in  many 
hospitals  and  is,  therefore,  open  to  criticism.  I  may  also  add  that 
Norwegian  sailors  did  not  use  tinned  meat  till  1894.  After  that 
year,  however — that  is,  when  ship  beriberi  became  frequent  on  board 
Norwegian  ships — they  have  used  it  two  to  four  times  a  week. 

As  for  scurvy,  a  heating  for  one-half  hour  at  110°  C.  markedly 
reduces,  and  a  heating  for  one  hour  at  120°  C.  destroys  most  of  the 
preventive  influence  of  cabbage  on  the  scurvy  of  guinea  pigs.  How- 
ever, here  again  we  meet  with  a  strange  fact,  since  the  juice  of  rasp- 
berries can  be  boiled  for  one  hour  at  110°  C.  without  losing  any 
of  its  highly  preventing  influence  on  the  scurvy  of  guinea  pigs. 

Preserving  by  drying. — At  the  beginning  of  the  eighteenth  cen- 
tury the  Hungarian  physicians  tried  to  meet  a  severe  outbreak  of 
scurvy  with  dried  vegetables  sent  from  the  college  of  physicians  at 
Vienna  (Budd,  in  Tweedie's  library  of  medicine).  But  the  experi- 
ment failed  completely.  Nor  did  dried  potatoes  and  other  dried 
vegetables  prevent  scurvy  in  the  North  American  War  of  the  Rebel- 
lion.2 
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In  spite  of  these  observations,  it  is  a  widespread  belief  that  dried 
vegetables  are  as  wholesome  as  fresh  ones  as  soon  as  they  are  care- 
fully dried  and  protected  against  decomposition.  However,  it  is 
easy  to  show  the  reports  mentioned  to  be  correct,  by  feeding  guinea 
pigs  on  a  mixture  of  some  sorts  of  farinaceous  food  and  dried  cab- 
bage, potatoes,  dandelion,  or  carrots. 

As  for  polyneuritis  of  poultry  and  tropical  beriberi,  corresponding 
observations  are  lacking.  As  a  rule,  however,  ship  beriberi  breaks 
out,  on  board  Norwegian  ships,  when  the  sailors  have  eaten,  for 
some  time,  dried  potatoes;  on  the  other  hand,  experience  shows  that 
the  crews  recover  as  soon  as  they  get  fresh  ones  (for  instance,  from 
a  passing  vessel). 

5.    FERMENTED  BEVERAGES. 

Though  wheat  bread  always  produces  polyneuritis  in  pigeons, 
the  disease  often  appears  much  later  when  the  bread  is  baked  with 
yeast  than  if  baked  with  baking  powder  (the  author).  Again, 
Schaumann  has  shown  that  pigeons  about  to  die  from  a  feeding  on 
rice  groats  recover,  as  if  under  the  influence  of  a  magic  power,  when 
getting  a  small  quantity  of  yeast.  As  for  human  scurvy,  this  dis- 
ease, too,  has  repeatedly  been  observed  to  be  cured  by  ordinary  yeast. 

Therefore,  very  likely  the  same  applies  to  beverages  fermented 
by  means  of  yeast,  and  containing  the  products  of  its  metabolism. 
This  corresponds  also  with  several  old  reports  pointing  out  that 
wine  and  beer  (but  not  distilled  alcohol)  has  a  markedly,  but  not 
always  satisfactorily  favorable  influence  on  scurvy.  Beer  also  seems 
to  be  able  to  prevent  ship  beriberi.  Under  these  circumstances,  it 
may  be  that  the  extensive  use  of  fermented  beverages  of  former  days, 
at  least  in  some  periods  and  in  some  climates,  when  the  antiscorbutic 
nutriments  were  scarce  or  wanting,  has  been  due  to  a  rational  instinct. 

On  the  whole,  our  present  knowledge  of  the  diet  in  relation  to 
beriberi  and  scurvy  shows  that,  in  our  daily  food,  and,  above  all, 
in  the  vegetables  nutriments,  there  are  mysterious  forces  at  work, 
the  outlines  of  which  are  only  just  beginning  to  appear.  How  mys- 
terious they  are  will  finally  be  evident  from  the  following  experi- 
ment: When  fed  on  oats  or  barley  only,  guinea  pigs  constantly  die 
from  scurvy;  but  if  we  moisten  the  grains  and  make  them  sprout — 
that  is,  when  we  convert  them  into  fresh  vegetables — they  prevent 
the  disease  (Furst).  How  is  this  to  be  explained?  What  forces 
have  been  in  action,  and  what  unknown  chemical  processes  have 
taken  place? 

1  See  the  medical  and  surgical  history  of  the  War  of  the  Rebellion,  Wash- 
ington, 1888,  pt.  3,  vol.  1,  p.  714. 

2  See  the  work  mentioned,  pp.  703  and  710. 
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DER  EINFLUSS  DER  BEREITUNG  DER  NAHRUNGSMITTEL  AUF 

IHREN   NAHRWERT. 

Dr.  Max  Rubnee,  Profesor  of  Physiology  and  Director  of  the  Physiological 

Institute,  Berlin,  Germany. 

Die  Zubereitungsweise  der  Nahrungsmittel  ist  Sache  des  Koch^ 
kunst  in  weitesten  Sinne  des  Wortes  eine  echt  menschliche  Kunst, 
Ihre  Folgen  fur  den  Nahrwert  der  Kost  cles  Menschen  darzulegen 
ware  eine  recht  dankbare  Aufgabe,  deren  Losung  aber  doch  nicht 
ganz  einfach  ist.  Wenn  ich  Ihnen  all  das  mitteilen  sollte  was  auf 
diesem  Gebiete  von  Bedeutung  ist,  so  miisste  ich  Ihre  Zeit  ganz  iiber 
Gebiihr  in  Anspruch  nehmen,  ich  wiirde  aber  den  Beweis  erbringen 
konnen,  dass  die  Kunst  des  Kochens,  die  in  mancher  Richtung  recht 
zuriickgegangen  ist,  auch  eine  wissenschaftliche  Grundlage  besitzt 
und  manche  Fragen  einschliesst,  die  an  physikalisch  chemische  phy- 
siologische  Kenntnisse  ziemliche  Anforderungen  stellt.  Ich  werde 
mich  bei  der  Kiirze  der  Zeit  nur  auf  einige  kurze  Gesichtspunkte 
beschranken  mlissen,  umsomehr  als  bei  einem  internationalen  Kon- 
gress  vielleicht  jede  Nation  sonst  ein  Anrecht  hatte,  von  ihrer  eige^ 
nen  Kochweise  etwas  zu  erfahren. 

Die  noch  empirische  Kochkunst  erreicht  den  Zweck,  dass  sie  eine 
Fiille  von  Nahrungsmitteln,  die  an  sich  fur  die  Menschen  unbrauch- 
bar  oder  ungesund  sind,  in  eine  brauchbare,  geniessbare  gesunde 
Form  uberfuhrt,  und  andere  an  sich  geniessbare  in  bessere  ver^ 
feinerte  Speisen  umformt. 

Die  Bewertung  der  Nahrungsmittel  und  Speisen  erfolgt  nach  sehr 
verschiedenen  Gesichtspunkten. 

Unter  Nahrwert,  im  engsten  Sinne,  und  vom  wissenschaftlichen 
Standpunkt  aus,  verstehen  wir  den  Gehalt  an  solchen  Stoffen,  welche 
dem  Korper  fur  seinen  stofflichen  und  energetischen  Bedarf  zugute 
kommen  konnen.  Diese  Begriffsbildung  ist  also  nicht  chemischer 
Natur,  sondern  physiologischer  Natur,  derm  sie  setzt  voraus,  dass 
wie  auch  die  Verdauungsfahigkeit  der  Speisen  mit  in  Betracht  Zie- 
hen. Die  Nahrungsmittel  und  Speisen  lassen  sich  in  dieser  Hinsicht 
experimentell  priifen  und  untersuchen. 

Die  offentliche  Preisbildung  weiss  naturlich  von  diesen  Dingen 
nicht  viel  oder  garnichts ;  sie  bewertet  die  Nahrungsmittel  nach  ganz 
anderen  Gesichtspunkten,  vielfach  nach  dem,  was  die  Kiiche  aus 
derselben  machen  kann  und  nach  gewissen  allgemeinen  Anschauun^ 
gen.  Diese  Preise  sind  zum  Teil  absolut  imaginar.  Wenn  jemand 
im  Sommer  fur  Erdbeeren  wenige  Pfennige,  und  in  Februar  das 
mehrhundertfache  dieses  Preises  bezahlt,  so  ist  das  eben  ein  Lieb- 
haberwert,  wer  den  Kaviar  liebt,  bezahlt  unendlich,  30  mal  mehr  als 
fiir  das  gleiche  Gewicht  Hiihnereier,  u.  s.  w.  Wenn  man  einstmals 
Gold  fiir  Speisen  aus  Vogelzungen  u.  dgl.  hingegeben  hat,  so  sind 
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das  Dinge,  iiber  die  wir  heute  lacheln.  Ich  mochte  aber  in  meinem 
TJrteil  doch  etwas  zuriickhalten,  weil  ich  die  Geschmackswerte  nicht 
nach  jeder  Richtung  als  etwas  Nebensachliches  halte,  weil  man  zu 
leicht  in  einer  Spezialbetrachtung  zu  einem  Punkte  kommt,  wo  es 
heisst:  De  gustibus  non  est  disputandum. 

So  zwecklos  sich  also  auch  der  Preisgeldwert,  in  seinen  Auswiichsen 
ansieht,  ist  er  es  aber  doch  nicht,  wenn  man  nach  den  Verhaltnissen 
'des  einf achen  rationellen  Haushaltes  ihn  betrachtet ;  es  ist  doch  etwas 
mehr  Methode  darin.  Man  bezahlt  allerdings  auch  da  nicht  den 
Oehalt  an  Nahrstoffen,  wohl  aber  gewisse  Eigenschaften  der  Nah- 
rungsmittel die  wir  die  Genussmitteleigenschaften  nennen  konnen, 
weil  sich  in  ihnen  gewisse  Eigentumlichkeiten  der  Nahrungsmittel, 
•die  zu  einer,  wenn  auch  bescheidenen  Anregung  des  Geschmackes 
fuhren,  mit  verbunden  sind;  oder  gewisse  allgemeine  Vorziige  zum 
Ausdruck  kommen.  Praktische  Ernahrung  kann  man  nicht  mit 
Nahrungsstoffen  allein  betreiben,  sondern  man  muss  auch  diese  etwas 
sehwieriger  zu  fassenden  Genussmitteleigenschaften  mit  heranziehen. 
Oerade  die  Zubereitung  der  Kost  arbeitet  auf  eine  Veredlung  der 
Speisen  in  dieser  Hinsicht  hin. 

Der  Geschmackswert  verschafft  uns  nicht  allein  das  Gef iihl  der  Be- 
f  riedigung,  ohne  welche  ein  bekommliches  Essen  nicht  zu  den  ken  ist, 
<es  ist  uns  auch  der  Indikator  fur  die  richtige  Beschaffenheit  der 
Speisen,  und  eine  Gewahr  fiir  bestimmte  Wirkungen,  fur  die  glatte, 
ungestorte  Verdauung,  fiir  einen  normalen  Verlauf  der  Darmfunk- 
tionen  und  ahnliches.  Fiir  die  breiten  Schichten  des  Volkes  ist  es 
raehr  Ahnung  als  Wissen,  aber  wir  sind  durchaus  in  der  Lage,  bei 
vielen  Kochprozessen,  bei  denen  anscheinend  nur  eine  Geschmacks- 
Jinderung  auftritt,  wirkliche  Ruckwirkungen  auf  den  Magen  und 
Darm  nachzuweisen. 

Die  ausseren  Eigenschaften,  auch  Geruch  und  Geschmack,  sind  die 
Wachter  der  Gesundheit ;  aus  dem  Gesamteindruck  schliessen  wir  auf 
die  Giite  der  Ware  und  danach  bezahlen  wir  auch  den  Preis. 

Die  Zubereitung  der  Kost  muss  auf  diese  beiden  Seiten  der  Pro- 
bleme  also  gebuhrende  Rucksicht  nehmen,  denn  die  erstere  schafft 
vielfach  erst  einen  Nahrwert,  weil  sie  die  Nahrung  in  jene  Form 
bringt,  in  welcher  sie  vom  Menschen  als  Nahrungsmittel  anerkannt 
wird. 

Die  Bedeutung  der  Zubereitung  wollen  wir  unter  verschiedene 
grossere  Gesichtspunkte  zu  bringen  versuchen.  Ein  wichtiger  Teil 
ist  die  Vorbereitung  der  rohen  Nahrungsmittel. 

Von  einer  rationellen  Kiiche  verlangen  wir  in  sanitarer  Hinsicht 
vorbereitende  Aktionen,  welche  den  Zweck  haben,  die  Nahrungsmit- 
tel zu  reinigen,  wie  z.  B.  das  Abspiilen  der  rohen  Friichte  oder  ander- 
wei tiger  roh  verzehrter  Materialien  (Salate,  Brunnenkresse) .  Hierher 
gehort  auch  die  Beseitigung  der  Unreinheit  aus  der  Milch  durch  Fil- 
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tration  in  den  Centralmolkereien.  Bei  all  diesen  Manipulationen  ist 
der  Vcrlust  an  Nahrwerten  absolut  belanglos. 

Die  Speise  muss  in  ihrem  ganzen  aussern  Gewiihr  fur  die  Rein- 
lichkeit  der  Zubereitung  bieten. 

Das  Gefiihl  der  Reinlichkeit  der  Zubereitung  ist  fiir  den  Kultur- 
menschen  und  hygienisch  denkenden  Menschen  das  allererste  Erfor- 
dernis  einer  guten  Nahrung.  Das  bekannte  Haar  in  der  Suppe  kann 
allein  schon  jeden  Genuss  an  der  Mahlzeit  verberden. 

Zu  den  vorbereitenden  Operationen  gehort  die  Entfernung  minder- 
wertiger  Teile  namentlich  bei  Vegetabilien  und  Obst.  Die  Reinigung 
der  Oberflache  durch  Schalen  und  Schaben,  Beseitigung  von  Schalen 
wie  bei  den  Hiilsenfriichten,  grob  verholzter  Teile  des  Salates. 

Ebenso  ist  es  zweckmassig  mit  Schalen  und  Kernen  bei  Friichten 
den  Darm  nicht  zu  belasten,  da  abgesehen  von  anderen  Gefahren  ein 
nachteiliger  rascherer  Durchtritt  der  Speisen  durch  den  Darm  einge- 
leitet  wird,  damit  Verlust  von  Nahrstoffen  verbunden  ist. 

Das  Klopfen  und  Schlagen  des  Fleisches  verfolgt  den  Zweck,  durch 
innere  Zerreissung  der  Zellen  und  Gewebe  die  Kauarbeit  zu  erleich- 
tern,  das  Gleiche  wird  erreicht  beim  Zerkleinern  des  Fleisches  durch 
Hacken.  Auch  bei  Vegetabilien,  wie  beim  Spinat,  dem  Kehl  u.  s.  w. 
wird  die  Zerkleinerung  vorgenommen,  wodurch  meist  die  Verwer- 
tung  der  Kost  wirklich  erhoht  wird,  weil  die  Zellen  die  an  sich  fur 
den  Verdauungssaft  nicht  durchgangig  sind,  gesprengt  werden. 

Die  mechanische  Zerkleinerung  ist  aber  da  zu  unterlassen,  wo  sie 
den  Kauakt  unnotigerweise  ausschaltet,  denn  dieser  ist  notwendig, 
weil  er  einerseits  durch  Auslaugung  der  Nahrung  durch  den  Speichel 
die  schmeckenden  Extraktivstoffe,  die  Geschmacksbefriedigung 
erhoht.  die  Anregung  der  auch  anderer  Verdaungssafte  begiinstigt 
und  bei  Vegetabilien  bereits  im  Munde  die  Verdauung  einleitet. 
Nur  groblich  zerkleinertes  Material  wird  in  toto  hinuntergeschlungen 
und  kann  die  Magenverdauung  storen  und  verlangsamen. 

Wohl  die  wichtigste  Zubereitungsmethode  der  Nahrung  ist  die 
Anwendung  der  Wiirme. 

Die  letztere  erhoht  an  sich  die  Verdunstung  der  Geschmacksstoffe 
und  iibt  dadurch  eine  anregende  Wirkung  auf  den  Verdauungsap- 
parat  aus,  die  warme  Speise  gibt  auch  vom  Magen  aus  ein  Gefiihl  der 
Behaglichkeit.  Fette  werden  durch  die  Warme  geschmolzen,  was 
auf  die  Ausniitzung  derselben  im  Darmkanal  zuriickwirkt.  Er- 
starrte  Fette  erzeugen  im  Munde  eine  Herabsetzung  des  Tastgefuhls 
und  der  Ges*chmackswirkung. 

Die  wichtigste  sanitiire  Bedeutung  des  Erhitzens  der  Speisen  liegt 
in  der  Abtotung  von  Mikroben  und  Parasiten.  Zwei  wichtige  Vor- 
giinge  sind  zu  nennen.  Die  Pasteurisierung,  welche  bei  70°-75°  aus- 
gefiihrt;  meist  den  Geschmack  der  rohen  Nahrungsmittel  unveran- 
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dert  lasst  und  nur  die  vegetativen  Formen  der  Mikroben  vernichtet, 
und  die  Sterilisierung,  welche  vollkommene  Abtotung  der  Mikroben 
erzielt.  Neben  diesem  Gesundheitsschutz  gehen  durch  die  Warme 
aber  noch  andere  wichtige  Veranderungen  der  chemischen  Beschaf- 
fenheit  vor  sich.  Es  wird  am  besten  sein,  wenn  ich  diese  nach  Nah- 
rungsmitteln  getrennt  behandle. 

Muskelfleisch  imd  Organteile  gewinnen  etwa  urn  70°  Warme  den 
spezifischen  Geruch  und  Geschmack  der  Bouillon  bis  100°  steigert  sich 
derselbe,  geht  dann  bis  120°  in  den  Bratengeruch  liber,  endlich  riecht 
das  Fleisch  unangenehm  und  brenzlich.  Die  Eiweissstoffe  gerinnen 
zum  grossten  Teil;  bei  50°  ist  schon  mehr  als  die  Halfte,  bei  70° 
schon  9/10  bei  80  Prozent  das  gesamte  gerinnbare  Eiweiss  geronnen 
(Milroy).  Dabei  andert  das  Fleisch  das  Volumen  nach  Ferrati 
zwischen  15^5°  um  3.6  Prozent;  zwischen  45-56°  um  7.21  Prozent; 
zwischen  56-66°  um  15.83  Prozent;  zwischen  66-76°  um  10.85  Prozent; 
zwischen  76-86°  um  8.30  Prozent;  zwischen  86-96°  um  1.73  Prozent. 

Diejenigen  Gerinnungen  welche  die  starkste  Kontraktion  verur- 
sachen,  liegen  zwischen  60  und  70°.  Erhitzt  man  das  Fleisch  noch 
hoher  als  100°  so  nimmt  es  noch  weiterhin  an  Volumen  ab  und  wird 
fortwahrend  zaher. 

Diese  Volumenanderungen  treten  immer  ein  wie  auch  die  Art  der 
Ernahrung  vorgenommen  werden  mag. 

Beim  Kochen  erleidet  das  Fleisch  nur  eine  Temperaturerhohung 
auf  100°  ebenso  beim  Diinsten,  oder  Einlegen  in  Saucen. 

Beim  Braten  erreicht  die  Temperatur  an  der  Aussenseite  des 
Fleisches  120°  und  da  ruber,  bei  dem  Rosten.  wobei  Fett  zugesetzt 
wird,  150-160°  hierbei  verliert  das  Fleisch  Wasser  durch  Verdun- 
stung,  worauf  das  Fett  die  Fasern  innig  durchtrankt,  bei  220°  zerlegt 
sich  das  Fett. 

Die  Volumenverminderung  des  Fleisches  erfolgt  hauptsachlich  in 
der  Langsrichtung  der  Faser,  wobei  vor  allem  der  Fleischextrakt 
und  etwas  Eiweiss  und  Leim  und  Salze  aus  dem  Fleische  austreten. 
Beim  Kochen  in  Wasser  geben  sie  die  Fleischbriihe  deren  Menge 
beim  Erwarmen  grosserer  Fleischstucke  nur  sehr  unbedeutend  durch 
Auslaugung  von  Extrakt  aus  den  oberflachlichen  Schichten  vermehrt 
wird.  Beim  Braten  trocknet  bei  der  hohen  Trockenheit  der  Luft 
des  Bratrohres  ein  Teil  des  Extrakts  an  der  Oberflache  des  Fleisches 
und  gibt  die  Kruste,  ein  Teil  fliesst  ab  und  bildet  die  Sauce. 

Beim  Diinsten  des  Fleisches  in  Dampf  von  100°  erfolgen  ahnliche 
Vorgange  wie  beim  Kochen,  nur  findet  keine  Ausiaugung  der 
oberflachlichen  Schichten  statt  auch  keine  Konzentration  des  Saftes 
durch  Verdunstung. 

Todtenstarres  Fleisch  schrumpft  starker  wie  ganz  frisches. 
Fischfleischsorten  ziehen  sich  weniger  zusammen  wie  Fleisch  von 
Saugern,  bleiben  also  wasserhaltiger.     Von  den  Organen  von  Sliu- 
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gern  veriindern  Leber,  Niere  und  Gehirn  beim  Erhitzen  ihr  Volumen 
weniger  als  Fleisch,  am  wenigsten  die  Lunge,  weil  der  austretende 
Saft  in  den  Alveolen  und  seinen  Bronchien  geniigcnd  Raum  zur 
Ablagerling  findet. 

Das  Eindringen  der  Warme  in  das  Fleisch  ist  natiirlich  abhiingig 
von  den  Tempera  turdifferenzen,  der  relativen  Oberflache,  dem 
Leitungsvermogen ;  all  das  ist  wandelbar,  das  Leitungsvermogen 
kann  schon  bei  frischem  Fleisch  sehr  different  sein,  wegen  des  un- 
gleichen  Fettgehalts,  wiihrend  der  Erwiirmung  nimmt  das  Leis- 
tungsvermogen  durch  die  Schrumpfung  ab,  weil  das  Fleisch  wassrige 
Fliissigkeit  verliert  und  eiweiss-  und  fettreicher  wird,  die  Wiirme 
dringt  aber  andererseits  rascher  ein,  weil  durch  die  Schrumpfung 
die  Leitungsstrecke  fur  die  Warme  geringer  wird.  Der  wichtigste 
Faktor  fur  die  Geschwindigkeit  der  Erhitzung  bleibt  immer  die 
Grosse  des  Fleischstiickes  ein  Wiirfel  von  6  C.  Seitenlange  erreicht 
in  2,580  Sekunden  100°  in  der  Mitte,  ein  soldier  von  11  C.  erst  nach 
8,550  Sekunden  und  beim  Erhitzen  auf  70°  ist  nur  J-|  soviel  Zeit 
no  tig  als  beim  Erwarmen  auf  100°. 

Die  Bedeutung  dieser  Zubereitung  des  Fleisches  fiir  den  Niihrwert 
ist  folgende: 

Der  Geschmackswert  steigert  sich  ausserordentlich,  die  Extraktif- 
stoffe  regen  die  Verdauung  erheblich  an.  Das  Nahrungsmittel  ist 
im  erhitzten  Zustand  dichter  und  gehaltvoller  als  vorher.  Durch 
die  Gerinnung  des  Eiweisses  wird  zwar  das  Eiweiss  etwas  wider- 
standsfahiger  beim  Kauen  aber  andererseits  das  im  rohen  Zustande 
sehr  zahe  Bindegewebe  gelost.  Die  Harte  durch  Eiweissgerinnung 
nimmt  zu,  wenn  das  Fleisch  hohere  Temperaturen  als  70°  annimmt. 

Besonders  die  hohen  Temperaturen  und  langere  Anwendung  der 
Warme  fiihren  dazu,  dass  das  Bindegewebe  sich  ganz  auflost  die 
Fleischsubstanz  aber  als  derbfaserige  Masse  zusammenhalt.  Derarti- 
ges  Fleisch  findet  sich  unter  den  Blichsenkonserven  haufig.  Die 
Folge  ist,  dass  sich  beim  Essen  sehr  schnell  der  Fleischsaft  abtrennt 
und  geschluckt  wird,  wahrend  die  Fasern  schwer  zu  zerkleinern  und 
geschmacklos  ist.  Die  Verwertung  solcher  Konserven  fiir  langeren 
ununterbrochenen  Gebrauch  fiir  die  Armeeernahrung  hat  sich  aus 
dem  Grunde  nicht  bewahrt,  weil  die  feste  faserige  Masse  des 
Fleisches  nach  mehreren  Wochen  dauernden  Genusses  unangenehm 
empf unden  wird. 

Jeder  iibermassige  Widerstand  beim  Kauen  fiihrt  zu  ungenugender 
ZerkleineruTig,  zum  Verschlucken  grosserer  Brocken  die  sich  lang- 
samer  im  Magensaft  auflosen,  und  Beschwerden  hervorrufen  konnen. 

Je  mehr  Fleisch  von  Fett  durchtrankt  ist,  desto  schwerer  wird  es 
vom  Magensaft  gelost;  der  natiirliche  Fettgehalt  nimmt  prozentisch 
bei  jeder  Einwirkung  der  Warme  zu.  Wird  aber  zugleich,  wie  in  der 
Bratenkruste  oder  beim  Kosten  audi  noch  Wasser  durch  Verdunstung 
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verloren,  und  die  Fleischfaser  ganz  von  Fett  durchzogen,  so  konnen 
solche  Teile  ganz  imverdaulich  werden  nnd  in  den  Faces  unveran- 
dert  austreten,  nachdem  sie  vorher  Magendriicken  und  ahnliches 
kervorgerufen  haben. 

Das  Einlegen  von  Fleisch  in  Salzlosungen  zur  Bereitung  von 
Pokelfleisch  oder  Schinken  vermindert  stets  den  Nahrwert  insofern, 
als  schon  mit  der  Salzlake  viel  phosphorsaure  Salze  und  Fleischex- 
trakt  verloren  geht  und  ein  weiteres  Ausziehen  noch  ausserdem,  wenn 
die  Erhitzung  dieser  Fleischsorten  eintritt,  wahrend  beim  Kochen  und 
Braten  gewohnlichen  Fleisches  die  austretenden  Substanzen  in  die 
Sauce  oder  die  Bouillon  iibergehen,  und  hierin  verzehrt  werden. 

Fleisch,  das  langere  Zeit  der  Autolyse  tiberlassen  wird,  wird 
weicher,  wahrscheinlich  nicht  nur  wegen  Veranderung  und  teilweiser 
Losung  des  Zellinhaltes  der  dann  beim  Erhitzen  feinfleckiger  gerinnt, 
sondern  auch  wegen  der  Auflosung  von  Bindegewebe.  Bei  dem  nach 
Wildart  zubereiteten  Fleische  kommt  wahrscheinlich  eine  Wirkung 
peptonisierender  Bakterien  in  Frage.  Beim  Einlegen  in  Essig  kann 
das  Fleisch  ebenso  weich  werden,  wie  nach  Autolyse.  Das  Binde- 
gewebe quillt  und  wahrscheinlich  entsteht  etwas  Acidalbuminat,  das 
nachtraglich  beim  Erhitzen  nicht  mehr  gerinnt. 

Die  Zubereitungsweisen  des  Fleisches  laufen  alle  darauf  hinaus, 
teils  eine  Mehrung  des  Genussmittelwertes  durch  die  Bildung  rie- 
chender  und  schmeckender  Produkte,  deren  Wirkung  auf  die  Ver- 
dauungsorgane  durch  Pawlow  naher  verfolgt  worden  ist.  zu  erreichen, 
nnd  die  storenden  Grade  der  Ziihigkeit  zu  mindern. 

Ein  Unterschied  in  der  Ausniitzung  wird  bei  normalen  Verdauungs- 
organen  zwischen  rohem  und  erhitzten  Fleisch  nicht  gefunden.  Der 
Darm  des  Menschen  arbeitet  was  die  Fleischausniitzung  anlagt,  eben- 
sogut  wie  der  der  Fleischfresser,  aber  der  Yerlauf  des  Verdauungs- 
prozesses  ist  urn  so  angenehmer  und  besser,  je  weniger  zah  das  Fleisch 
ist  und  je  besser  es  sich  kauen  lasst. 

Der  Wert  der  Extraktivstoffe  aus  Fleisch  verschiedener  Herkunft 
ist  sehr  verschieden.  Fleisch  junger  Tiere  ist  in  dieser  Hinsicht 
minderwertiger  und  vertrii gt  besser  das  Braten.  Die  beste  Fleisch- 
briihe  liefert  Rindfleisch  und  alteres  Gefliigel.  Fischfleisch  ist  uber- 
hanpt  arm  an  wirksamen  ExtraktivstofFen,  hat  also  einen  geringen 
Kuchenwert,  auch  bleibt  es  wasserhaltiger  beim  Kochen.  Das  Backen 
in  Fett  bei  recht  holier  Temperatur  ist  daher  zur  Erhohung  des 
Geschmackes  hier  sehr  beliebt.  Die  Kruste  besteht  aber  nicht  aus 
Rostprodukten  des  Fisches,  sondern  aus  jenen  des  aus  Mehl,  Ei  und 
Fett  gemengten  Teiges. 

Bei  getrockneten  Fischen  wurde  die  Resorption  etwas  herabgesetzt 
gefunden. 

Die  Milch  kommt  entweder  in  rohem,  pasteurisierten  oder  sterili- 
siertem  Zustande  zur  Anwendung.     Bemerkenswert  ist,  dass  manche 
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Kinder  nur  rohe  und  keine  vorher  erwarmte  Milch  vertragen,  son- 
dern  an  Barlowscher  Krankheit  erkranken,  and  zu  (Jrunde  gehcn 
konnen.  Die  Pasteurisierung  fiir  die  Milchver&orgung  grosser 
Stadte  ist  nieht  zu  empfehlen,  da  sie  die  Kontrolle,  ob  die  Milch 
noch  frisch  ist  oder  nicht,  erschwert.  Durch  die  Erhitzung  auf 
70-100°  fiillt  Lactalbumin  aus,  die  Spuren  von  Caseingerinnung  hind 
ohne  Belang. 

Bei  Erwarmung  iiber  100°  wird  die  Milch  durch  Zuckerzer- 
setzung  braun  und  das  Fett,  z.  T.  aus  dem  Emulsionszustand  in 
grossere  Fetttropfen  ubergefiihrt.  Solche  Milch  soil  zur  Sauglings- 
ernahrung  nicht  verwendet  werden.  Zwischen  gekochter  und 
ungekochter  Milch  ist  kein  Unterschied  in  der  Ausniitzung,  doch 
wirkt  bei  manchen  Menschen  rohe  Milch  auf  eine  Beschleunigung 
der  Peristaltik  ein.  Die  Milcheiweissstoffe  werden  im  allgemeinen 
nicht  so  gut  resorbiert  wie  die  Fleischeiweissstoffe.  Die  einzelnen 
Menschen  verhalten  sich  verschieden;  bei  manchen  werden  schon 
Mengen  vom  4  Litem  Milch  pro  Tag  ganz  unvollkommen  beziiglich 
der  Eiweisstoffe  verwertet,  andere  ertragen  bis  10  Liter  tiiglich  bei 
giinstiger  Ausniitzung.  Die  Muttermilch  wird  von  Kindern  vor- 
trefflich  ausgeniitzt,  die  Kuhmilch  etwas  weniger  gut.  Die  Ursache 
liegt  in  der  grobklumpigen  Gerinnung  des  Kuhcaseins.  Ein  Milch- 
und  Kasegemenge  wird  weit  besser  resorbiert,  weil  der  gekaute  Kase 
die  Abscheidung  eines  groben  Kaseingerinnsels  hindert.  Sorgfaltig 
mit  Lab  bei  niedriger  Temperatur  feinfleckig  geronnene  Milch  wird 
von  Erwachsenen  trefflich  verwertet.  Lost  man  Milchtrockenpra- 
parate  wieder  in  Wasser,  so  ist  die  Ausniitzung  eine  ebenso  gute  wie 
fiir  gelabte  Milch  oder  Milch  und  Kase.  Kefirmilch  zeigt  hinsichtlich 
der  Resorption  der  Eiweissstoffe  dieselben  Verhaltnisse  wie  gelabte 
Milch,  hat  aber  noch  vor  den  iibrigen  Milchpraparaten  den  Vorzug 
einer  besseren  Fettausnutzung.  Es  liefert  die  Kefirmilch  genau 
die  gleichen  Verhaltnisse  der  Resorption  wie  Milch  und  Kase. 

Bei  den  Hiihnereiern  bringt  die  Gerinnung  in  der  Wiirme  ein 
gleichmassiges  Erstarren  der  Eiweissstoffe  zustande,  unter  Abspal- 
tung  von  etwas  Schwefelwasserstoff  aus  dem  Albumen.  Es  ist 
bekannt,  dass  die  harten  Eier,  wenn  sie  nicht  sorgfaltig  gekaut 
werden,  leicht  Magenbeschwerden  hervorrufen.  Das  Ei  ist  der  In- 
fektion  stark  ausgesetzt,  da  die  Eierschale  fiir  Bakterien  permeabel 
ist,  die  Erhitzung  der  Eier  vor  dem  Genuss  ist  also  stets  anzuraten. 
Das  Ei  gehort,  auch  wenn  es  hart  gekocht  genossen  wird,  zu  den 
sehr  gut  ausmitzbaren  Nahrungsmitteln. 

Die  Vegetabilien  werden  zum  Teil  roh,  zum  Teil  nach  Behandlung 
durch  die  Hitze  genossen. 

Die  wichtigsten  technischen  Ausfuhrungen  sind  das  Backen  von 
Ceralien,  das  Kochen  von  Knollengewachsen,  Leguminosen,  Gemiisen, 
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von  Teigwaren  aus  Mehlen,  das  Damp  fen  bei  Kartoffeln  und  man- 
clien  Gemlisen. 

Allen  Erwarmungsmethoden  gemeinsam  ist  der  Sterilisierungs- 
effekt,  der  dadurch  von  Bedeutung  istj  weil  die  Vegetabilien  zwar 
in  ihrem  Zellinnern  bakterienfrei  sind,  aber  an  der  Oberflache  oder 
wenn  sie  zum  Mehl  verarbeitet  worden  sind,  stark  bakteriell  verun- 
reinigt  in  den  Handel  kommen. 

Die  Erhitzung  bedingt  eine  Geschmacks-  und  Geruchsveranderung 
durch  Zersetzung  uns  noch  unbekannter  Bestandteile,  dabei  werden 
manchmal  chemische  Spaltprodukte  geliefert,  zum  Teil  audi  solche 
von  widerlichen  Geruch.  Bei  alien  Vegetabilien,  die  bis  jetzt  unter- 
sucht  werden  sind,  bildet  sich  Kohlensaure  und  Schwefelwasserstoff 
(Wirsing,  Teltower  Eiibchen,  Eote  Biiben,  Spargel)  ferner  Methyl  - 
methaptan  (aus  Wirsing,  Blumen — Eosen — Eot — Weisskohl,  Kohl- 
rabi und  Teltower  Eiibchen). 

Ein  Teil  ihrer  Eiweissstoffe  wird  koaguliert  vor  allem,  aber  nimmt 
die  Starke  Wassermolekule  auf,  wie  z.  B.  die  Kartoffel  oder  das 
Brot  beim  Backen,  die  Starke  wird  auch  zum  Teil  verkleistert, 
Pflanzenzellen  gesprengt  und  geoffnet.  Die  geronnenen  Eiweiss- 
stoffe sind  in  der  Loslichkeit  durch  Pepsin  etwas  verzogert.  Durch 
Umwandlung  der  rohen  Starke  in  wasserhaltige  wird  die  Einwir- 
kung  der  Diastase  wesentlich  erleichtert. 

Sehr  wesentlich  sind  die  Volumenveranderungen  und  Konsistenz- 
veranderungen  bei  Beriihrung  mit  Wasser.  Manche  Vegetabilien 
bleiben  im  rohen  Zustande  vollig  unverandert,  andere,  wie  Erbsen, 
quellen  in  hohem  Masse  auf;  es  sind  dabei  die  Eiweissstoffe  beteiligt. 
Denn,  ist  in  dem  Wasser  eine  bestimmte  Menge  loslicher  Kalk  und 
Magnesiasalze  vorhanden,  so  hort  die  Quellungsmoglichkeit  auf. 

Es  bildet  sich  Leguminkalk  und  Leguminmagnesia.  Diese 
werden  auch  beim  Kochen  nicht  zerlegt  und  ferner  auch  nicht  bei 
der  Verdauung,  wodurch  eine  Verminderung  der  Eiweissausniitzung 
herbeigefiihrt  wird.  Kleine  Mengen  von  Legumin  finden  sich  auch 
in  anderen  Vegetabilien  als  nur  in  den  Leguminosen. 

Fur  Fleisch  und  Animalien  iiberhaupt  ist  die  Harte  des  Wassers 
ohne  Belang.  Der  Uebelstand  kann  beseitigt  werden,  durch  kunst- 
liches  Weichmachen  des  Wassers  oder  Anwendung  des  Dampfes  zur 
Erhitzung  von  Nahrungsmitteln. 

Wenn  die  Starke  beim  Kochakt  Wassermolekule  addiert,  so  kann 
es  zu  zwei  verschiedenen  Konsistenzgraden  kommen.  Es  kann  trotz 
Wasseraufnahme  ein  trockenes  Produkt  entstehen,  das  Wasser  also 
gewissermassen  verschwinden. 

Dies  ist  der  Fall  beim  Sieden  der  Kartoffel,  beim  Backen  des 
Brotes.  Solche  Speisen  miissen  also  gekaut  werden,  was  einen 
gewissen  Vorteil  bedeutet,  indem  schon  im  Munde  die  Losung  in 
Starke  beginnt  und  so  wahrscheinlich  die  Fermentmenge  welche  auf 
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Starke  wirkt,  betrachtlicher  gemacht  wird.  Die  Pflanzzellen  wer- 
den  durch  das  Erhitzen  weichen,  weil  sie  zum  Teil  gesprengt  werden. 

Teigwaren  nehmen  beim  Kochen  mehr  Wasser  auf  and  werden 
etwas  kleisteriger  wenn  nicht  durch  etwas  Eizusatz  eine  feste  Bin- 
dung  erfolgt.  Reichlich  ist  die  Wasseraufnahme  auch  bei  den  pud- 
dingartigen  Speisen  die  Polenta  und  Risetto,  noch  grosser  bei  den 
Gemiisen.  Die  Puddings  und  die  Gemuse  erhalten  je  nach  Volks- 
sitte  mehr  oder  weniger  grosse  Mengen  von  Fett  zugesetzt. 

Die  starke  Vermehrung  des  Volumens  vieler  vegetabilischen 
Speisen  und  das  relative  Sinken  des  Gehaltes  an  Nahrstoffen  ist 
ein  nicht  unwesentlicher  Nachteil  dieser  Nahrungsmittel.  Die  Zeit- 
dauer  des  Essens  nimint  zu.  Da  das  Kauen  wie  z.  B.  bei  Teigwaren, 
vermindert  ist  und  bei  breiigen  Substanzen  ganz  wegfallt,  ist  auch 
die  Einspeichelung  mangelhaft  und  die  Geschmacksbefriedigung 
nicht  selten  ungeniigend,  wiirzende  Zusiitze  unbedingt  notig. 

Haufig  findet  sich  bei  Personen  welche  voluminose  Pflanzenkost 
geniessen  eine  starke  Erweiterung  des  Magens.  Das  Sattigungsge- 
fiihl  wird  nur  nach  starker  Fullung  des  Magens  erreicht.  Die  ani- 
male  und  gemischte  Kost  sind  wesentlich  konzentrierter. 

Im  Allgemeinen  steigt  der  Geschmackswert  beim  Erhitzen  der 
Vegetabilien  auf  100°  nicht,  obschon  gekochte  Speisen  dieser  Art 
eine  gewisse  Aenderung  der  schmeckenden  und  riechenden  Stoffe 
erfahren.  Anders,  wenn  die  Temperatur  von  100°  wesentlich  uber- 
schritten  wird. 

Besonders  gut  schmeckende  Bestandteile  werden  durch  das  Rosten 
erzeugt.  In  ausgedehntem  Masse  geschieht  dies  beim  Backprozess 
wo  die  von  aussen  den  Teig  treffende,  strahlende  Warme  von  weit 
mehr  als  100°  diesen  Prozess  erzeugt.  Aehnliches  geschieht  durch 
Einbringen  von  Teig  in  siedendes  Fett,  hier  ist  es  die  hohe  Hitze 
des  Fettes  welche  bei  kurzer  Beriihrung  die  Rostung  vollzieht. 

Bei  Mehlspeisen,  die  in  Gefassen  erhitzt  werden,  vollzieht  sich  durch 
die  strahlende  Hitze  der  Wandungen  des  Backraumes  an  der  Ober- 
flache  die  Bildung  der  wohlschmeckenden  Kruste.  All  diese  Speisen 
gelten  daher  als  besonders  wichtig,  zur  Abwechslung  im  vegetabili- 
schen  Menu.     Ein  nennenswerter  Nahrverlust  entsteht  dabei  nicht. 

Eigenartig  ist  die  Herstellung  poroser  Gebacke  des  Brotes.  Die 
notigen  Mittel  sind  Hefe  und  Sauerteig  z.  B.  chemische  Mittel, 
welche  Kohlensauregas  liefern.  Die  Gahrungen  geben  besser 
schmeckende  Produkte  als  die  Bliihung  desTeiges  durch  Chemikalien. 
Hefe  wird  annahernd  als  Reinkultur  verwendet,  Sauerteig  jenthalt 
immer  viel  siiurebildende  Bakterien.  Hefegebiicke  erzeugen  meist 
feste,  wenig  saure  Ausscheidungen ;  Sauerteig  waren  intensive  Butter- 
sauregahrung  mit  starker  Gasentwicklung,  stark  sauren  hiiufigen 
Kotentleerungen  die  schliesslich  zu  einer  Einschrankung  des  Brot- 
genusses  fiihren  miissen. 
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Treten  stark  saure  gasige  Stuhle  auf,  so  ist  die  Ausniitzung  der 
Nahrstoffe  vermindert. 

Von  grosster  Bedeutimg  ist  es  bei  der  Pflanzenkost  verholzte  Teile 
tunlichst  schon  vor  der  Nahrimgsbereitung  wo  moglich  zu  entfernen. 
Der  menschliche  Darm  ist  auf  eine  Auflosung  alterer  Cellulose  nicht 
eingerichtet. 

Die  unverdaulichen  Teile  gehen  nicht  nur  ungeniitzt  ab,  sondern 
sie  beschleunigen  den  Durchgang  dieser  Speisen  durch  den  Darm, 
kiirzen  die  Besorptionszeit,  vermehren  die  Stuhle,  und  bringen  Nahr- 
stofTverluste. 

Auch  bei  einer  gut  resorbirten  Pflanzenkost  ist  die  Menge  des  im 
Kot  ausgeschiedenen  N.  erhoht,  Pflanzeneiweiss  vollig  frei  der 
Xahrung  zugesetzt  ist,  soweit  man  dies  von  dem  Klebereiweiss 
kennt,  zwar  weniger  gut  ausniitzbar  als  jenes  der  Animalien,  aber 
immerhin  weit  besser  resorbierbar,  als  wenn  es  in  natiirlichen  Nah- 
rungsmitteln  verabreicht  wird. 

Bei  keinem  Nahrungsmittel  ist  der  Einfluss  der  Zubereitung  so 
massgebend,  wei  bei  den  Cer alien.  Wir  kennen  ihn  geiiau  aus 
zahlreichen  Untersuchungen  iiber  Brot.  Das  Eiweiss  der  Korner- 
friichte  liegt  zum  erheblichen  Teil  in  Zellen  eingeschlossen.  Die 
Pflanzenzellen  sind  fur  die  Verdauungssafte  der  Menschen  imperme- 
abel  das  eingeschlossene  Eiweiss  kann  also  nicht  verdaut  werden. 
Vollig  unzweckmassig  ist  nun  die  grobe  Zerkleinerung  des  ganzen 
Getreidekerns,  besser  die  Vermahlung  nach  Beseitigung  der  ausseren 
Hiille  (Decortiortion)  noch  besser  resorbierbar  sind  Hehle  nach 
Entfernung  der  Kleie.  Je  vollkommener  beim  Vermahlungsprozess 
die  Zellen  gesprengt  werden,  desto  resorbierbarer  wird  namentlich 
das  Eiweiss  gefunden. 

Zahllose  Patente  und  Mahlverfahren  sind  bereits  angegeben 
worden,  welche  die  Pflanzenzellen  moglichst  zerkleinern  wollen, 
keine  Zerkleinerungsweise  kann  aber  die  voluminose  Kotbildung 
natiirlich  ganz  beseitigen,  weil  diese  vom  Cellulosegehalt  abhan- 
gig  ist. 

Ob  das  Mehl  verbacken  oder  zu  Teigwaren  verarbeitet  wird,  ist 
fur  die  Verwertung  anscheinend  ganz  gleichgultig. 

Bei  der  Kartoffel  ist  zwischen  dem  Genuss  gekochter  oder  als 
Salat  oder  als  Brei  genommenes  Material  kein  Unterschied,  wohl 
aber  sieht  man  bei  gerosteten  KartofFeln  dass  braune,  ganz  mit  Fett 
durchsetzte  Stiicke  unverdaut  abgehen. 

Ganz  unverdaulich  sind  die  Hiillen  der  Leguminosen,  sie  sind  im 
Interesse  einer  guten  Verwertung  zu  beseitigen. 

Viele  Vegetabilien  erhalten  einen  reichlichen  Zusatz  von  Fett,  eine 
Benachteiligung  der  Fettresorption  ist  dabei  nicht  nachzuweisen, 
noch  wird  auch  bei  sehr  grossen  Fettmengen  die  Resorption  der 
Vegetabilien  gestort. 
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Zusatz  von  Kiise,  wie  bei  Polenta  iiblich  ist,  scheint  die  Resorption 
der  Eiweissstoffe  des  Maises  zu  erhohen.  Es  wird  auch  angegeben, 
das  Fleischextraktivstoffe  die  Ausntitzung  einer  vegetabilischen  Kost 

begiinstige. 

Friichte  werden  zumeist  in  rohem  Zustande  genommen,  da  sie 
genii gend  Genussmitteleigenschaften  besitzen.  Das  Zerkocben  zu 
Brei  bietet  fiir  halbreife  Friichte  sicher  mitunter  Vorteile  gegeniiber 
dem  Genuss  in  rohem  Zustande  wenn  etwa  Starke  der  unreifen 
Friichten  vorhanden  ist. 

Friichte  werden  halbreif  abgenommen  und  der  Nachreifung  un- 
terzogen.  Bei  letzteren  wird  in  der  Regel  eine  Verminderung  der 
Saure  erzielt  und  die  Bildung  in  Frutose.  Genauere  Kenntnisse  liber 
diese  Gruppe  von  Nahrungsmitteln  haben  wir  nicht,  sie  sind  ja  auch 
meist  nur  mit  einigen  Ausnahmen  als  Beigabe  zur  Kost  bestimmt, 
Genauer  sind  nur  die  Bananen  untersucht. 

Die  reife  Banane  verhalt  sich  in  der  Ausniitzung  ahnlich  wie 
manches  Gemiise,  gibt  einen  erheblichen  Verlust  an  N-Material, 
wahrend  die  Kohlelrydrate  gut  aufgenommen  werden.  Die  Banane 
steht  im  Ernahrungswert  des  N  wesentlich  hinter  der  einheimischen 
Kartoffel  zuriick. 

Die  auf  Jamaika  hergestellten  getrockneten  Bananen  erweisen  sich 
namentlich  beziiglich  der  Eiweissstoffe  sehr  ungiinstig  bei  der  Resorp- 
tion, da  diese  bei  reifen  nur  zu  54  Prozent  bei  getrockneten  bis  zu 
80  Prozent  zu  Verlust  gehen.  Die  getrocknete  Banane  erzeugt  eine 
erhebliche  saure  Gahrung  im  Darm,  die  ahnlich  wie  bei  Schwarzbrot 
zu  haufigen  diinnen  Stuhlentleerungen  fuhrt.  Die  unreife  Banane  ist 
hinsichtlich  der  Eiweissstoffe  etwa  so  gut  resorbierbar  wie  die  reife 
Banane,  der  starke  Gerbsauregehalt  aber  lasst  es  zu  einer  Darmgah- 
rung  nicht  kommen,  dagegen  ist  die  in  der  unreifen  Banane  enthaltene 
rohe  Starke  so  gut  wie  unresorbierbar.  Die  unreifen  Bananen  miissen 
also  vor  dem  Genuss  erst  gekocht  oder  gerostet  werden. 

Friichte  werden,  wegen  ihres  manchmal  hohen  Sauregrades  mit 
Zuckerzusatz  versehen,  der  Sauregrad  ist  ein  Nachteil,  der  bei  vielen 
Personen  wesentliche  Storungen  der  Magenverdauung  herbeifiihren 
kann,  der  Zuckerzusatz  ist  nur  ein  Geschmackscorrigens,  hebt  also  die 
nachteilige  Wirkung  auf  den  Magen  nicht  auf. 

Unter  den  schadlichen  Wirkungen  der  Nahrungsmittel,  sind  die 
Darmgahrungen,  die  ich  erwiihnt  habe,  sehr  bedeutungsvoll.  Bei 
animalischen  Nahrungsmitteln  haben  wir  die  Faulnis,  welche  aber 
selten  zu  stark  entwickelten  Uebelstiinden  fuhrt.  Ein  Teil  des 
Nahrmaterials  geht  zu  Verlust  indem  die  Darmbakterien  sich  ent- 
wickeln  und  ihre  Leiber  mit  ausgeschieden  werden ;  der  Harn  enthalt 
dann  Aetherschwefelsaure,  auch  Indigo  findet  sich  in  leicht  bestimm- 
baren  Mengen.  Bei  Fleisch-  und  Eiernahrung  konnen  also  als  solche 
charakteristische  Typen  fiir  die  Kotfiiulnis  dienen. 
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Bei  Milch  pflegt  die  Darmfaulnis  wesentlich  zuruckzutreten.  Bei 
Vegetabilien  finden  wir  haufig  eine  vollige  Aufhebung  der  Faulnis 
•da  fur  aber  zunehmende  Buttersiiure  Gahrung  und  Gasbildung  im 
Kot. 

Mittel  zu  Einschrankungcn  der  Buttersaurezersetzung  sind  bei 
Brot  die  Vermeidung  des  Sauerteiges.  Neuerdings  hat  man  versucht 
•durch  Beigabe  von  Bakterien  zur  Nahrung  iiberhaupt  die  Gahrung 
im  Darm  eine  unschadliche  Richtung  zu  geben,  z.  B.  durch  Milchsam- 
bacillen.  Von  aussen  eingefuhrte  Bakterien  halten  sich  nicht  lange 
gegeniiber  der  tiblichen  Darmflora,  es  muss  also  stets  fur  Wiederersatz 
der  einzufiihrenden  Bakterien  gesorgt  werden. 

Die  Bedeutung  der  Zubereitung  der  Speisen  fiir  die  Erhohung  des 
Nahrwertes  ist  noch  keineswegs  ausreichend  untersucht,  die  ange- 
fiihrten  Beispiele  gentigen  aber,  um  auf  die  hohe  Bedeutung  dieser 
Frage  hinzuweisen. 

DIET  AND  METABOLISM  IN  EEVER. 
Warren  Coleman,  of  Cornell  University  Medical  College,  New  York  City. 

Empiricism  has  constituted  the  basis  of  the  fever  diet  since  the 
•dawn  of  medical  history. 

While,  on  the  basis  of  empiricism,  the  nutritive  value  of  the  fever 
diet  has  gradually  been  increased,  reaching  a  maximum  of  some  2,500 
calories  toward  the  end  of  the  nineteenth  century,  the  value  of  the 
average  diet  has  not  exceeded,  and  has  usually  fallen  below,  that  of 
'2  quarts  of  milk  (1,400  calories  a  day). 

The  more  liberal  diets  have  not  received  the  sanction  of  the  pro- 
fession at  large,  except  in  the  treatment  of  tuberculosis  and  sepsis. 
Furthermore,  the  foodstuffs  in  the  fever  diets  ordinarily  employed 
have  not  been  properly  proportioned.  The  optimum  proportions 
probably  vary  under  different  conditions,  and  data  for  the  con- 
struction of  the  ideal  fever  diet  are  as  yet  incomplete,  but  the  evi- 
dence which  we  possess  indicates  that  undue  emphasis  has  been 
placed  upon  the  desirability  of  increasing  the  protein  ration.  Rub- 
ner  recommended  the  liberal  use  of  carbohydrate  in  fever  on  the 
ground  of  its  low  specific  dynamic  action;  Lusk  advised  it  because  of 
its  protein-sparing  power,  but  these  suggestions  received  scant  at- 
tention from  practitioners  of  medicine. 

As  has  recently  been  proved  for  typhoid  fever  (and  I  believe  it  is 
equally  true  for  other  infective  diseases),  a  diet  furnishing  2,000  to 
2,500  calories  a  day  does  not  cover  the  needs  of  a  patient  with  high 
fever. 

Therefore  it  is  evident  that  after  2,000  years  of  which  we  have 
record  empiricism  has  proved  a  signal  failure  as  the  basis  of  the 
fever  diet. 
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The  ideal  fever  diet  must  be  constructed  upon  carefully  planned 
studies  of  metabolism  in  fever,  controlled  by  equally  careful  clinical 
studies  of  the  effects  of  different  diets  upon  the  patient.  Valuable 
experiments  have  been  carried  out  upon  artificially  infected  animals 
(May,  Weber,  Stiihelin),  but  I  need  scarcely  remind  this  audience 
of  the  paucity  of  metabolism  studies  upon  fever-stricken  man. 

THE  INFLUENCE  OF  DIET  UPON  THE  NITROGEN  LOSSES  IN  FEVER.  „ 

The  foundations  for  the  scientific  construction  of  the  fever  diet 
were  laid  by  the  early  investigators,  who  discovered  the  loss  of  nitro- 
gen in  fever  and  who  studied  the  ability  of  the  fever  patient  to 
absorb  his  food. 

The  extent  of  the  nitrogen  losses  in  different  fevers  is  compara- 
tively well  known.  The  influence  of  diet  upon  the  losses  has  not, 
however,  been  the  subject  of  such  extended  investigation.  Yet 
notable  experiments  were  made  by  Puritz  and  by  von  Leyden  and 
Klemperer.  Puritz's  studies  were  confined  to  the  effects  of  a  high 
protein  diet  in  typhoid  fever;  von  Leyden  and  Klemperer  investi- 
gated pneumonia  as  well  as  typhoid,  employing  high  carbohydrate 
as  well  as  high  protein  diets. 

Puritz's  diet  consisted  of  160  grams  of  protein,  60  to  90  grams  of 
fat,  and  300  grams  of  carbohydrate,  and  had  an  energy  value  of 
2,396  to  2,677  calories  a  day.  While  he  did  not  succeed  in  preventing 
the  febrile  loss  of  body  protein,  the  clinical  effects  of  this  and  similar 
diets,  employed  by  Chudnowsky's  pupils  and  others  in  Russia,  were 
considered  favorable. 

Von  Leyden  and  Klemperer's  protein  diet  consisted  of  milk  and 
peptone,  and  furnished  from  1,000  to  2,000  calories  a  day;  their 
carbohydrate  diet  consisted  of  milk,  cream,  lactose  (200  grams), 
glucose  (133  grams  given  subcutaneously),  and  sherry,  with  a  maxi- 
mum energy  value  of  3,300  calories  a  day.  The  fuel  value  of  the  car- 
bohydrate diet  was  quite  or  nearly  sufficient  to  cover  the  heat  pro- 
duction of  the  average  patient,  judged  by  recent  studies.  With 
both  types  of  diet  they  were  able  to  reduce  the  nitrogen  loss,  but  did 
not  succeed  in  preventing  it.  Von  Leyden  and  Klemperer  concluded 
from  their  experiments  that  "  the  toxogenic  destruction  of  tissue  in 
acute  fevers  could  not  be  prevented  by  means  of  food/' 

In  19P7  Shaffer  and  Coleman  undertook  to  reinvestigate  the  in- 
fluence of  diet  upon  protein  metabolism  in  typhoid  fever.  Observa- 
tions were  made  upon  some  25  patients  during  two  epidemics.  The 
diet  they  used  contained  a  moderate  amount  of  protein  and  larger 
amounts  of  carbolrydrate  and  fat  than  had  heretofore  been  given  to 
patients. 

The  most  striking  result  of  the  investigation  was  that  it  was 
found  possible  in  all  cases  to  reduce  the  nitrogen  loss  to  a  minimum, 
and  in  some  instances  to  bring  the  patient  into  nitrogen  equilibrium.1 
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The  amount  of  food  required  to  accomplish  this  was  very  large — 
comparable  only  to  that  taken  by  persons  performing  arduous  physi- 
cal labor  in  cold  climates,  such  as  the  lumbermen  of  the  north 
woods — and,  as  will  be  pointed  out  later,  was  greater  than  the  amount 
required  to  cover  the  heat  production. 

VARIATIONS  IN   THE   TOTAL  FOOD   ADMINISTERED. 

The  amount  of  food  required  to  reduce  to  a  minimum,  or  prevent, 
the  febrile  loss  of  nitrogen  varies  with  individuals  and  with  the 
stage  of  the  disease. 

Individual  variations. — The  differences  in  the  requirements  of 
different  individuals  in  the  same  stage  of  the  disease  (the  febrile) 
are  illustrated  by  the  following  cases  2  (in  averages  for  periods)  : 


Number 
of  days. 

Range  of 
maximum 

temperature. 

Calories 
per  kilo- 
gram. 

N-intake. 

N-balance. 

Case  1 

6 
5 
3 

102. 8-103. 6 
102. 0-104. 4 
102. 6-103. 2 

85 
71 
45 

15 

10.9 

14 

+0.6 
+0.9 
+  1.2 

Case  2 

Case  3 

These  variations  in  requirement  are  probably  dependent  upon  per- 
sonal peculiarities  of  metabolism,  such  as  are  noted  in  health,  and 
upon  the  differing  intensities  of  the  reaction  of  the  hosts  to  the 
invading  microorganism. 

Variations  corresponding  to  the  stage  of  the  disease. — The  amount 
of  food  required  varies  also  with  the  stage  of  the  disease.  To  illus- 
trate this  the  febrile  period,  convalescence,  and  relapses  will  be  con- 
sidered separately. 

1.  The  febrile  period. — Numerous  studies  have  shown  that  the 
greatest  loss  of  nitrogen  occurs  during  this  period.  In  Puritz's 
cases  the  loss  diminished  as  the  disease  advanced,  though  the  curve 
was  broken  from  time  to  time  by  a  sudden  increase  in  the  nitrogen 
output  without  a  corresponding  change  in  the  condition  of  the 
patient.  Cohin  stated  that  the  nitrogen  excretion  followed  the  tem- 
perature curve  without  paralleling  it ;  in  other  words,  that  the  nitro- 
gen loss  fell  with  the  temperature.  This  probably  occurs  in  many 
cases,  but  there  is  evidence  to  indicate  that  the  loss  may  diminish 
with  the  advance  of  the  disease,  in  cases  of  long  duration,  in  spite  of 
a  continued  high  temperature.  Grafe  found  that  the  longer  the  dis- 
ease lasted  the  greater  was  the  endeavor  made  by  the  organism  to 
spare  its  protein.  In  one  of  our  cases,  to  whom  we  were  unable  to 
give  sufficient  food,  the  urinary  nitrogen  fell  from  22  grams  on  the 
twelfth,  thirteenth,  and  fourteenth  days,  respectively,  to  10  grams  on 
the  twenty-fourth,  and  11  grams  on  the  twenty-sixth  days,  though 
the  temperature  ranged  higher.  Throughout  the  duration  of  the 
febrile  period,  lasting  some  60  days,  the  same  tendency  was  exhibited. 
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From  such  observations  it  is  apparent  that  the  typhoid  fever  patient 
who  is  undernourished  possesses  the  same  ability  to  economize  his 
resources,  and  especially  to  spare  his  protein,  that  is  possessed  by 
healthy  persons  who  are  starved  or  by  those  suffering  from  other 
wasting  diseases. 

According  to  Ilubner,  the  economy  of  energy  in  chronically  under- 
nourished animals  is  only  apparent ;  when  the  heat  production  is  cal- 
culated upon  the  basis  of  weight,  or  surface  area,  it  is  found  to  be 
constant,  01*,  in  other  words,  the  diminution  in  total  heat  production 
corresponds  to  the  loss  of  weight. 

Whether  actual  economy  of  energy  occurs  in  the  later  stages  of 
fever,  when  a  patient  is  undernourished,  has  not  been  determined 
with  certainty. 

Patients  who  are  liberally  fed  appear  to  exhibit  no  tendency  to 
economy,  as  the  following  instances  illustrate : 


Range  of 

maximum 

temperature. 

Calories 

per 
kilogram. 

N-intake. 

102. 8-103.  G 
101.4-104.8 

101.6-103.8 
99. 8-100.  2 

85 
89 

56 
39 

15 
14.5 

12.3 
16.1 

N-balance. 


Case  1: 

Thirteenth  to  eighteenth  days 

Twenty-third  to  thirtieth  days... 
Case  2: 

Ninth  to  sixteenth  days 

Twenty-third  to  twenty-fifth  days 


+0.6 
-2.1 

-4.9 
-6.8 


These  cases  apparently  indicate  that  Kubner's  opinion  holds  for 
patients  suffering  from  typhoid  fever  as  well  as  in  starvation.  They 
show  also  that  the  need  for  large  quantities  of  food,  judged  from  the 
standpoint  of  the  nitrogen  balance  (there  has  been  no  reason  to 
think  that  a  delayed  excretion  of  nitrogen  modifies  the  balance) 
undergoes  no  material  reduction  until  well  on  toward  or  into  con- 
valescence. We  may  conclude,  therefore,  that  the  amount  of  food 
required  to  reduce  the  nitrogen  loss  to  a  minimum  or  to  prevent  it 
continues  undiminished  throughout  the  greater  part  of,  perhaps  the 
whole,  febrile  period. 

2.  Convalescence. — The  ability  of  the  body  to  repair  the  damage 
wrought  by  the  infective  fevers  is  nowhere  better  shown  than  in 
convalescence  from  typhoid  fever.  The  amount  of  food  required 
to  establish  or  maintain  nitrogen  equilibrium  is  notably  less  than 
during  the  febrile  period.     The  following  cases  illustrate  this  fact. 


• 

Range  of 

maximum 

temperature. 

Calories 

per 
kilogram. 

N-intake. 

N-bala-ce. 

Case  1 : 

Febrile  period 

103. 4-103. 8 
Normal. 

102. 6-104. 4 
Normal. 

45 

41 

31 
40 

15 
13.5 

12.6 
14.4 

-  8.5 

Convalescence 

-     .3 

Case  2: 

Febrile  period 

-11.3 

Convalescence 

4-   1.8 
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Not  only  is  less  food  required  than  during  the  febrile  period,  but 
Fr.  Miiller  has  shown  that  nitrogen  may  be  retained  by  the  typhoid 
convalescent  on  a  diet  which,  with  its  low  fuel  value,  is  insufficient 
to  maintain  nitrogen  equilibrium  in  health. 

3.  Relapse. — The  number  of  cases  which  we  have  studied  during 
relapses  is  relatively  small,  and  the  expression  of  a  definite  opinion 
concerning  the  food  requirement  would  not  be  justified.  Yet  the 
evidence  we  possess  indicates  that  the  amount  of  food  required  to 
establish  nitrogen  equilibrium  is  large,  though  perhaps  not  so  large 
as  in  the  original  febrile  period.  From  a  practical  standpoint,  the 
establishment  of  nitrogen  equilibrium  is  relatively  easy,  because  pa- 
tients take  their  food  more  readily. 

The  following  cases  illustrate  the  food  requirement  during  relapses : 


Range  of  max- 
imum tem- 
perature. 

Calories 

per 
kilogram. 

N-intake. 

N-balance. 

Case  1 

99. 6-102. 4 
102.0-103.4 

77 
55 

14.2 
10.8 

+3.7 

Case  2 

-3.8 

THE  PROTEIN,  FAT,  AND  CARBOHYDRATE  RATIOS. 

I  refer  to  this  phase  of  the  fever  diet  with  some  hesitation,  because 
of  the  incomplete  nature  of  the  evidence.  It  has  been  our  intention 
for  several  years  to  take  up  this  problem  specifically,  but  various 
circumstances  have  prevented.  Yet  there  is  evidence  bearing  upon 
the  ratios  which  it  seems  worth  while  to  present. 

The  protein  ration. — The  protein  ration  can  not  be  considered 
without  reference  to  the  total  energy  value  of  the  diet,  consequently 
it  will  be  assumed  that  the  food  furnishes  sufficient  energy. 

The  following  observations  concern  the  lower  limits  of  the  protein 
ration : 

Case  1. 


Range  of  max- 
imum tem- 
perature. 

Calories 

per 
kilogram. 

N-intake. 

N-balance. 

102. 0-104. 4 
102. 4-104. 8 

71 
70 

10.9 
2-4 

+0.9 
-3.5 

The  diminution  in  the  N-intake  is  the  only  essential  difference 
which  can  be  discovered  in  the  two  periods,  and  the  opinion  appears 
justified  that  the  low  N-intake  in  the  second  period  is  the  cause  of 
the  change  from  the  positive  to  the  negative  N-balance. 
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Range  of  max- 
imum tem- 
perature. 

Calories 

per 
kilogram. 

N-intake. 

N-balance. 

102. 8-103. 4 
102.6-103.2 

54 
45 

7.7 
14.0 

-2.2 

+  1.2 

In  this  case,  the  temperature-  range  in  the  two  periods  is  essen- 
tially the  same,  and  though  the  energy  value  of  the  diet  is  somewhat 
less  in  the  second  period,  the  increase  of  the  N-intake  from  7.7 
grams  to  14  grams  apparently  changes  a  negative  to  a  plus  balance. 

These  cases,  with  other  evidence  in  our  possession,  suggest  that 
the  lower  limit  of  the  optimum  intake  of  nitrogen  is  approximately 
10  grams  a  day. 

The  following  cases  relate  to  the  higher  limits  of  the  optimum 
protein  ration: 

Case  1.  Relapse. 


Range  of  max- 
imum tem- 
perature. 

Calories 

per 
kilogram. 

N-intake. 

N-balance. 

99.4-101.6 
101.8-102.2 

39 
40 

16.1 
22.7 

-7.8 
-6.2 

In  this  case,  with  but  little  difference  in  the  temperature  in  the 
two  periods,  and  no  change  in  the  energy  value  of  the  diet,  an 
increase  of  the  nitrogen  intake  from  16.1  to  22.7  grams  reduced  the 
nitrogen  loss  only  1.6  grams. 


Case  2. 


Range  of  max- 
imum tem- 
perature. 

Calories 

per 
kilogram. 

N-intake. 

N-balance. 

99. 6-100. 4 
100. 2-100. 6 

105 
70 

28.7 
28.2 

+  15.7 
+  8.7 

Here  the  reduction  of  the  energy  value  of  the  diet  from  105  to  70 
calories  per  kilogram,  though  the  intake  of  nitrogen  remained  at  28 
grams,  apparently  caused  the  loss  of  7  grams  of  nitrogen  to  the 
body. 

The  observations  cited  apparently  justify  the  provisional  assump- 
tion that  the  optimum- nitrogen  intake  during  the  febrile  period  does 
not  fall  much  below  10  grams  or  greatly  exceed  15  grams  a  day.  In 
convalescence  the  nitrogen  intake  has  often  exceeded  15  grams,  with 
the  general  increase  in  the  food,  but  we  have  not  yet  studied,  experi- 
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mentally,  the  effects  of  so  much  nitrogen.    Clinically,  there  has  been 
no  reason  to  think  it  objectionable. 

The  carbohydrate  and  fat  rations. — We  have  seen  that  it  is  possible 
to  establish  nitrogen  equilibrium  in  typhoid  fever  by  the  liberal  use 
of  carbohydrate.  Conversely,  the  withdrawal  of  large  amounts  of 
carbohydrate  from  the  diet  is  followed  by  the  development  of  a  minus 
nitrogen  balance.    The  following  case  illustrates  this : 


Range  of 

maximum 

temperature. 

Calories  per  kilogram. 

Nitrogen. 

Total. 

Fat. 

CH. 

Intake. 

Balance. 

102.8-103.6... 
103.4-103.8... 

85 
45 

32 
32 

48 

7 

15 
15 

+0.6 

-8.5 

While,  at  first  sight,  it  might  appear  that  the  increased  destruc- 
tion of  protein  is  the  direct  result  of  the  withdrawal  of  so  much 
carbohydrate,  and  while  Dr.  Shaffer  and  I  were  inclined  to  interpret 
it  thus  in  an  earlier  paper,  I  personally  have  since  been  led  to  ques- 
tion the  correctness  of  this  interpretation.  My  present  opinion  is 
chiefly  the  result  of  clinical  observation,  though  there  is  experimental 
evidence  bearing  upon  the  question. 

In  the  experiment  above  summarized,  not  only  have  we  to  do  with 
a  diminution  of  the  carbohydrate  intake  but  with  a  decided  reduction 
in  the  energy  value  of  the  diet.  In  this  connection,  it  should  be  re- 
called that  von  Ley  den  and  Klemperer  succeeded  in  reducing  the 
nitrogen  losses  in  their  cases  by  a  large  increase  in  the  quantity  of 
protein.  Puritz  had  accomplished  the  same  result.  But  I  am  dis- 
posed to  believe  that  the  saving  of  body  protein  was  due  to  the 
energy  which  the  additonal  food  protein  supplied,  rather  than  to 
its  nitrogen. 

Last  year  there  was  a  case  of  typhoid  fever  complicated  by  glyco- 
suria, in  my  service  at  Bellevue  Hospital,  in  which  it  was  necessary 
to  reduce  the  carbohydrate  ration  to  a  minimum.  In  order  to  main- 
tain the  energy  value  of  the  diet,  the  fat  was  increased.  The  in- 
fluence of  the  fat  on  the  nitrogen  balance  is  shown  in  the  accom- 
panying table : 


Temperature. 

Calories  per  kilogram. 

N-intake. 

N-balance. 

Day. 

Total. 

Fat. 

CH. 

99. 2-103. 6. . 
100.0-103.0.. 
98.0-101.0.. 
98.4-100.8.. 
98.8-101.8.. 

50 
35 
54 

76 
78 

32 
24 
35 
50 
51 

10 
5 

10 
16 
17 

17.1 
11.4 
17.9 
20.5 
20.6 

-3.8 

-2.5 

-1.8 

+3.1 

Twenty-fifth  .              

+5.4 

. 
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This  case  apparently  shows  that  raising  the  energy  value  of  the 
diet  by  means  of  fat,  even  though  the  carbohydrate  intake  is  low, 
may  change  a  minus  to  a  plus  nitrogen  balance.  Though  the  tem- 
perature was  falling  in  the  latter  part  of  the  period,  convalescence 
was  not  established  until  the  thirty-second  day,  and  the  results  ob- 
tained in  other  cases  (see  Febrile  period)  make  it  improbable  that 
the  change  in  temperature  was  responsible  for  the  alteration  in  the 
nitrogen  balance.  Likewise,  it  is  scarcely  probable  that  the  saving 
of  nearly  5  grams  of  body  nitrogen  was  caused  by  the  addition  of 
2.6  grams  to  the  food.  While  the  evidence  of  this  case  can  not  be 
considered  as  conclusive,  it  is  very  suggestive.  Moreover,  I  have 
repeatedly  observed,  clinically,  when  a  patient's  tolerance  for  carbo- 
hydrate (meaning  by  this  his  ability  to  take  it  without  its  causing 
alimentary  dfsturbances)  has  been  reached,  without  the  food  furnish- 
ing what  appeared  to  be  sufficient  energy,  that  his  condition  has  been 
perceptibly  improved  by  increasing  the  amount  of  fat.  In  fact,  fat 
furnishes  from  one-third  to  one-half  of  the  total  energy  of  the  diet 
which  we  ordinarily  employ. 

Benedict  and  Suranyi  thought  that  a  high  carbohydrate  diet  caused 
a  greater  retention  of  nitrogen  in  typhoid  fever  than  a  high  fat  diet, 
and  Grafe  has  emphasized  the  importance  of  carbohydrate  in  the 
fever  diet. 

Without  any  intention  of  minimizing  the  importance  of  carbo- 
hydrate, I  believe  that  the  fat  ration  should  be  large.  I  shall  not 
venture,  however,  to  express  an  opinion  concerning  the  optimum  pro- 
portions of  fat  and  carbohydrate  in  the  fever  diet. 

Absorption. — In  consideration  of  the  very  large  amount  of  food 
which  we  employ  it  became  necessary  to  investigate  the  ability  of  the 
typhoid  patient  to  absorb  it. 

Our  diet  has  been  criticized  adversely  on  the  ground  that  the  quan- 
tity of  food  was  greater  than  could  be  absorbed  by  the  ulcerated 
intestine.  Von  Hoesslin's  work  upon  the  absorption  of  moderate 
amounts  of  food  in  typhoid  fever  had  been  confirmed  by  Puritz. 
There  was  no  clinical  evidence  that  the  food  was  not  absorbed  by  our 
patients.  The  stools  possessed  an  unusually  normal  (for  typhoid 
fever)  appearance.  Diarrhea  was  seldom  observed,  and  usually  dis- 
appeared under  the  influence  of  the  diet  when  patients  entered  the 
hospital  suffering  from  it.  Yet  evidence  of  the  proportions  of  the 
different  foodstuffs  actually  absorbed  was  desirable,  and  at  my  sug- 
gestion Dr.  Eugene  F.  Du  Bois  analyzed  the  feces  of  a  series  of  cases, 
taking  from  2,500  to  4,500  calories  a  day.3 

When  carbohydrate  was  given  in  amounts  up  to  450  grams  a  day, 
the  loss  in  the  stools  was  less  than  one-half  of  1  per  cent.  Protein 
was  given  in  quantities  which  averaged  more  than  100  grams  a  day, 
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yet  the  feces  nitrogen  never  reached  2  grams.  It  averaged  1.12 
grams,  which  is  a  normal  figure  for  such  a  diet.  The  average  loss  of 
fat  in  the  period  of  high  fever,  when  the  food  contained  150  to  200 
grams  a  day,  was  7.2  per  cent.  Later  in  the  disease,  patients  took 
from  200  to  327  grams  of  fat  a  day,  with  a  loss  of  4.5  per  cent,  which 
is  only  slightly  higher  than  normal. 

Indican,  which  is  present  in  large  amounts  early  in  the  disease, 
becomes  less  and  less  as  the  temperature  falls  until,  in  convalescence, 
it  appears  only  in  traces. 

These  results  prove  that  the  large  amount  of  food  required  by  the 
typhoid  fever  patient  is  readily  absorbed. 

THE  RESPIRATORY  EXCHANGES  IN  TYPHOID  FEVER. 

With  the  assistance  of  Dr.  Eugene  F.  Du  Bois,4  I  undertook  last 
fall  to  study  the  respiratory  exchanges  in  typhoid  fever  with  the  aid 
of  the  Benedict  "unit  apparatus."  5 

The  scope  of  the  work  was  general ;  that  is,  it  was  limited  for  the 
most  part  to  a  determination  of  the  influence  of  the  high  calory  diet 
upon  metabolism  in  typhoid  fever. 

The  majority  of  the  studies  which  have  previously  been  made  have 
been  upon  patients  in  the  fasting  state.  Nearly  all  of  our  readings 
were  taken  within  a  relatively  short  time  after  food. 

The  diets  given  contained  10  to  20  or  more  grams  of  nitrogen,  100 
to  300  or  more  grams  of  fat,  and  up  to  900  grams  of  carbohydrate  a 
day.    They  had  energy  values  of  2,500  to  7,500  calories. 

No  patient  was  studied  who  was  temperamentally  unfitted  for  the 
use  of  the  apparatus;  that  is,  who  became  nervous  while  on  the 
machine  after  the  first  one  or  two  readings.  No  patient  was  studied 
whose  breathing  was  irregular  or  labored. 

Efficiency  tests  were  made  once  a  week  or  oftener. 

The  majority  of  readings  were  taken  by  three  observers. 

Dr.  Benedict  himself  was  kind  enough  to  oversee  our  technique 
during  an  afternoon's  work. 

The  respiratory  quotient. — We  made  in  all  about  150  determina- 
tions of  the  quotient.  Some  30  of  them  have  been  excluded  from  our 
protocols,  because  of  obvious  or  suspected  errors  of  technique.  If  any 
of  the  three  observers  raised  a  question  of  accuracy  respecting  the 
behavior  of  the  patient  or  of  the  apparatus,  the  reading  was  rejected. 

The  usual  period  of  observation  was  15  minutes,  during  which  time 
the  patient  lay  at  complete  rest,  oftentimes  falling  asleep. 

The  time  allotted  me  will  not  permit  a  discussion  of  the  relative 
merits  of  short  and  long  periods  of  observation. 

Our  study  covers  part  of  the  febrile  period,  the  earlier  period  of 
convalescence,  and  relapses. 

Fifty-six  quotients  were  taken  in  the  febrile  period,  41  in  conva- 
jescence,  and  10  in  relapses.    The  largest  number  of  quotients  were 
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taken  in  the  third  and  fourth  weeks  of  the  febrile  period,  and  in  the 
first  and  second  weeks  of  convalescence. 

Febrile  period. — Third  week:  The  lowest  quotient  taken  in  this 
Btage  of  the  disease  was  0.70,  the  highest  was  0.9G.  The  majority 
of  the  quotients  were  above  0.85. 

Fourth  week:  The  lowest  quotient  obtained  in  this  stage  of  the 
disease  was  0.73,  the  highest  was  1.002.*  The  majority  of  the  quo- 
tients were  just  below  or  above  0.90. 

It  is  evident  that  the  quotients  ranged  higher  in  the  fourth  than 
in  the  third  week  of  the  disease.  The  change  in  the  level  of  the 
quotient  was  so  constant  and  so  striking  that  we  have  interpreted 
it  as  indicating  a  definite  change  in  metabolism  in  the  last  days  of 
the  fever.  If  this  interpretation  is  correct,  convalescence  manifests 
itself  in  the  process  of  metabolism  before  the  temperature  reaches 
normal.  Since  this  change  in  metabolism  has  not  been  observed  by 
other  investigators,  in  the  case  of  patients  who  have  been  partially 
starved,  it  probably  is  a  result  of  the  liberal  feeding.  There  is  clinical 
evidence  that  convalescence  is  materially  shortened  by  the  liberal  diet. 

Convalescence, — There  is  a  decided  rise  in  the  quotient  in  the  first 
week  of  convalescence ;  the  lowest  quotient  was  0.82,  the  highest  was 
1.16,  the  majority  of  the  quotients  being  above  0.95. 

The  rise  of  the  quotient  is  maintained  in  the  second  week  of  con- 
valescence. 

In  the  third  week  of  convalescence,  the  quotient,  in  the  few  obser- 
vations which  we  have  made  at  this  stage  exhibits  a  tendency  to  fall 
toward  the  normal. 

These  results  are  in  striking  contrast  to  those  of  Svenson,  in  par- 
ticular, where  a  definite  rise  in  the  quotient  was  delayed  until  the 
second  and  even  the  third  week  of  convalescence.  In  Svenson's  cases 
the  quotient  did  not  begin  to  fall  until  in  the  fourth  week  or  later. 

Relapse. — The  few  quotients  which  we  have  taken  during  a  re- 
lapse manifest  a  tendency  to  range  somewhat  higher  than  quotients 
in  the  original  fever.     The  lowest  quotient  was  0.80,  the  highest  1.043. 

Attention  should  be  directed  to  the  fact  that  quotients  of  1  or 
over  were  obtained  in  the  last  days  of  the  febrile  period,  frequently  in 
the  first  two  weeks  of  convalescence  and  with  less  frequency  during 
relapses.  The  gains  in  weight  and  the  general  improvement  in  the 
patients'  condition  which  commonly  occurred  in  convalescence  had 
led  to  the  assumption  that  the  formation  of  fat  was  in  active  progress ; 
but  it  was  with  surprise  that  the  transformation  of  dextrose  into  fat 
was  observed  to  occur  in  a  relapse  while  the  temperature  was 
102.2°  F. 

02  consumption. — The  02  consumption  varied  in  general  between 
4  and  G  cubic  centimeters  per  kilogram  and  minute,  averaging  about 


612      SECTION   n.    DIETETIC   HYGIENE:    HYGIENIC   PHYSIOLOGY. 

5  cubic  centimeters.  It  did  not  in  any  case  fall  below  or  exceed  those 
limits  in  the  second  or  third  weeks  of  the  febrile  period. 

In  the  fourth  week  it  fell  to  3.8  and  3.9  in  two  readings  and  was 
above  6  cubic  centimeters  in  8  readings  (the  highest  being  6.6  cubic 
centimeters) . 

In  the  patients  studied  by  Kraus,  Grafe,  and  Roily  the  02  con- 
sumption averaged  about  5  cubic  centimeters  in  the  febrile  period, 
never  falling  below  4  cubic  centimeters,  and  in  only  a  few  instances 
rising  above  6  cubic  centimeters  (the  maximum  being  6.5  cubic 
centimeters) . 

The  normal  consumption  of  02,  according  to  Magnus-Levy,  varies 
between  2.8  and  4.5  cubic  centimeters  per  kilogram  and  minute.  The 
02  consumption  in  Cetti,  before  the  first  meal  after  his  fast,  was  4.67 ; 
after  the  first  meal  it  was  5.05  cubic  centimeters  (Zuntz  and  Deh- 
mann). 

From  these  considerations  it  is  evident  that  the  liberal  diet  does  not 
greatly  increase  the  02  consumption  in  the  febrile  period. 

During  the  first  week  of  convalescence  the  majority  of  our  patients 
used  5  cubic  centimeters  or  more  of  02  per  kilogram  and  minute. 
The  lowest  reading  was  3.5  cubic  centimeters;  the  highest  was  6.5. 

During  this  week  there  was  a  definite  tendency  for  the  respiratory 
quotient  to  rise,  which  was  due  to  an  increase  in  the  amount  of  C02 
eliminated  rather  than  to  a  diminution  in  the  02  consumed. 

This  likewise  is  in  striking  contrast  to  the  results  of  Svenson, 
Grafe,  and  Roily,  where  a  decided  diminution  in  the  02  consumption 
occurred  with  but  little  if  any  change  in  the  level  of  the  respiratory 
quotient  as  compared  with  that  of  the  febrile  period.  The  diminu- 
tion in  the  02  consumption  observed  by  these  authors  has  been  inter- 
preted to  indicate  either  an  attempt  of  the  body  to  economize  its 
resources  or  exhaustion  of  the  cells  (Svenson). 

Heat  production. — The  study  of  the  heat  production  by  man  in 
fever  has  been  limited  so  far  to  the  method  of  indirect  calorimetry. 
While  the  method  is  not  free  from  objections,  the  margin  of  error  is 
not  believed  to  exceed  5  to  10  per  cent. 

The  febrile  increase  in  heat  production  was  observed  in  all  of  our 
patients.  Since  we  have  had  no  opportunity  to  study  the  heat  pro- 
duction in  any  of  them  after  their  return  to  health,  I  shall  not  attempt 
to  calculate  the  percentage  increase  caused  by  the  fever  in  the  different 
cases. 

The  heat  production  in  our  patients  averaged  about  35  to  38  calories 
per  kilogram  per  day. 

In  the  febrile  period  the  greatest  amount  of  heat  produced  was  45.9 
calories  per  kilogram  (in  a  relapse  48.7  calories  per  kilogram6),  the 
smallest  was  28  calories  per  kilogram. 
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The  greatest  amount  of  heat  produced  during  convalescence  was 
42.4  calories  per  kilogram ;  the  smallest  was  26.1  calories  per  kilogram. 

The  heat  production  was  not  greatly  increased  by  food.  For  ex- 
ample— 

FIRST   CASE. 

Fourteenth  day;  temperature  at  time  of  observation,  103.2°  F. ;  received  in 
his  food,  35  calories  per  kilogram ;  produced,  35.8  calories. 

Twenty-fourth  day;  temperature  at  time  of  observation,  100.2°  F. ;  received 
in  his  food,  76  calories  per  kilogram ;  produced,  34.2  calories. 

Thirty-fifth  day;  First  period,  temperature  at  time  of  observation,  98.4°  F. 
received  in  his  food,  S3  calories  per  kilogram ;  produced,  42.9  calories.  Second 
period  (temperature  at  time  of  observation  99.6°  F.)  ;  received  in  his  food,  83 
calories  per  kilogram;  produced,  36.1  (1  hour  44  minutes  later). 

SECOND   CASE. 

Thirty-first  day ;  temperature  at  time  of  observation,  102.2°  F. ;  received  in 
his  food,  38  calories  per  kilogram ;  produced,  36.7  calories. 

Thirty-ninth  day;  First  period,  temperature  at  time  of  observation,  100.2° 
F.  received  in  his  food,  90  calories  per  kilogram ;  produced,  32  calories. 
Second  period,  temperature  at  time  of  observation  100.2°  F.,  received  in  his 
food,  90  calories  per  kilogram ;  produced,  28.9  calories. 

The  bearing  of  these  results  upon  the  specific  dynamic  action  of 
foods  in  fever  must  be  left  for  future  consideration.  However,  the 
conclusion  is  warranted  that  the  high  calory  diet  is  not  contraindi- 
cated  on  the  ground  that  it  increases  the  heat  production  too  greatly. 

In  considering  the  heat  production,  this  important  question  comes 
up :  If  a  patient  produces  only  35  calories  per  kilogram,  for  example, 
what  benefit  can  accrue  from  the  administration  of  such  large 
amounts  as  60  to  90  to  even  170  calories  per  kilogram?  Why  is  not 
the  amount  of  food  which  will  just  cover  the  heat  production  suffi- 
cient for  the  patient? 

The  studies  of  von  Leyden  and  Klemperer,  as  well  as  those  of 
Shaffer  and  Coleman,  clearly  show  that  an  amount  of  food  just,  or 
but  little  more  than,  sufficient  to  cover  the  heat  production  (esti- 
mated upon  later  observations)  wTill  not  protect  the  body  protein  or 
keep  the  patient  in  weight  equilibrium.  In  order  to  accomplish  this, 
from  60  to  90  and  more  calories  per  kilogram  a  day  are  required. 

The  first  question  which  arises  is,  has  such  an  amount  of  food 
actually  been  given?  In  the  study  of  the  protein  metabolism,  by 
Shaffer  and  Coleman,  all  of  the  food  was  weighed  or  measured  and 
the  amount  taken  was  accurately  known. 

While  in  our  work  last  year  circumstances  rendered  it  impossible 
to  weigh  all  of  the  food,  we  have  perfect  confidence  in  the  accuracy 
of  the  estimations.  The  food  was  administered  by  Miss  Mary  E. 
Sheehan,  who  has  been  associated  with  the  work  for  the  past  three 
years,  or  under  her  immediate  supervision.     The  errors  which  might 
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have  occurred  affected  chiefly  such  articles  of  food  as  cereal,  potato, 
and  apple  sauce,  which  constituted  relatively  only  a  small  part  of  the 
intake.  The  quantities  of  milk,  cream,  bread,  butter,  lactose,  and 
eggs  could  be  controlled  with  reasonable  certainty. 

While  I  can  speak  only  of  typhoid  fever,  I  can  assert  positively 
that  in  this  disease  nitrogen  and  weight  equilibrium  can  not  be 
maintained  without  an  excess  of  food  amounting  ordinarily  to  100 
to  200  per  cent  over  the  heat  actually  produced  (as  measured  by 
indirect  calorimetry) .  Since  the  maintenance  of  nitrogen  and  weight 
equilibrium  in  fever  signifies,  by  all  known  standards,  the  optimum 
state  of  nutrition,  it  may  be  accepted  that  the  excess  of  food  is 
required. 

But  what  becomes  of  the  excess?     What  purpose  does  it  serve? 

We  are  at  present  engaged  in  the  study  of  this  problem.  The  de- 
termination of  the  water  balance,  and  more  carefully  controlled 
observations  upon  variations  in  weight  than  we  have  been  able  to 
make,  will  undoubtedly  aid  in  its  solution. 

The  method  of  indirect  calorimetry  is  admittedly  faulty,  but  the 
error  probably  does  not  exceed  5  per  cent.  An  allowance  of  10 
to  15  per  cent  should  be  made  for  the  movements  of  the  patient 
about  the  bed,  since  he  is  at  absolute  rest  only  during  the  period  of 
observation.  Allowing  also  an  error  of  10  per  cent  in  the  estimation 
of  the  food  intake,  the  maximal  allowance  for  error  and  muscular 
work  amounts  to  only  30  per  cent.  Deducting  this  from  the  total 
increase  of  food,  from  70  to  170  per  cent  of  the  excess  over  the  heat 
production  remains  to  be  accounted  for. 

In  convalescence  patients  often  gain  from  one-half  to  1  pound  a 
day,  and,  as  has  been  pointed  out,  the  formation  of  fat  from  dextrose 
is  in  active  progress.  Therefore,  it  is  possible  to  account  for  at 
least  a  large  portion  of  the  excess  of  food  in  this  stage  of  the  disease. 
It  is  in  the  febrile  period  that  the  difficulty  of  accounting  for  it 
arises.  Patients  occasionally  gain  weight  in  this  period,  but  slight 
loss  occurs  in  the  majority.  Though  the  formation  of  fat  from 
dextrose  has  been  observed  in  the  last  days  of  the  fever,  and  once  in 
a  relapse  when  the  temperature  was  102.2°  F.,  such  transformation 
has  not  been  observed  in  the  more  active  phases  of  the  febrile  period. 
Fat,  as  well  as  carhohydrate,  is  consumed  when  the  fever  is  at  its 
height. 

The  excess  of  food  is  not  passed  out  in  the  feces  as  unabsorbed 
residue,  as  the  absorption  experiments  show.  Glycosuria  has  been 
discovered  only  once.  The  greatest  amount  of  sugar  which  this 
patient  lost  in  any  one  day  was  79  grams,  corresponding  to  5.8 
calories  per  kilogram.  While  we  have  not  yet  determined  the  C:N 
ratio  of  the  urine,  it  does  not  seem  probable  that  an  oxidizable 
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substance  (other  than  sugar)  in  sufficient  quantity  to  explain  the 
discrepancy  should  hitherto  have  escaped  detection. 

The  calculated  heat  production  makes  it  certain  that  the  excess  of 
food  is  not,  immediately  at  least,  converted  into  energy. 

The  change  in  the  level  of  the  respiratory  quotient  in  the  last  days 
of  the  fever,  and  especially  in  the  first  week  of  convalescence,  is  due 
to  an  increase  in  the  C02  output,  which  indicates  that  more  car- 
bohydrate is  metabolized.  Since  this  occurs  ordinarily  without  any 
increase  in  the  amount  of  food  taken,  the  question  naturally  arises 
whether  more  carbohydrate  becomes  available  as  the  toxins  cease  to 
be  formed,  because  they  cease  to  be  formed. 

THE    PROPORTIONS    OF    PROTEIN,    FAT,    AND    CARBOHYDRATE    METABOLIZED 
.    DURING  THE  PERIODS  OF  OBSERVATION. 

We  have  made  as  yet  only  a  limited  number  of  observations  upon 
the  proportions  of  protein,  fat,  and  carbohydrate  metabolized  in 
fever,  but  the  results  which  we  have  obtained  agree  in  general  with 
those  of  Grafe  and  Roily. 

Protein. — The  percentage  of  energy  derived  from  protein  is  great- 
est during  the  febrile  period,  and  diminishes  as  convalescence  ap- 
proaches. In  one  of  our  patients  the  percentage  of  energy  thus 
derived  ranged  from  19.2  to  29.2  per  cent,  from  the  fourteenth  to  the 
twenty-eighth  days  of  the  febrile  period;  from  the  thirty-second  to 
the  thirty-ninth  days  (early  in  convalescence)  the  percentage  grad- 
ually dropped  from  19  to  10  per  cent. 

According  to  Grafe,  the  percentage  of  energy  derived  from  protein 
varies  also  with  the  height  of  the  temperature.  With  temperatures 
under  39°  C.  he  found  the  mean  to  be  18  per  cent,  with  temperatures 
over  39°  C.  the  mean  was  20.6  per  cent.  Senator  believed  that  Grafe 
had  calculated  the  proportion  of  protein  metabolized  too  low.  While 
our  observations  will  not  permit  us  to  express  a  definite  opinion,  we 
are  disposed  to  agree  with  Senator  in  this  particular. 

Fat. — The  percentage  of  energy  derived  from  fat  apparently  de- 
pends directly  upon  the  amount  of  available  carbohydrate.  Indi- 
rectly it  depends  upon  the  height  of  the  temperature  and  the  stage 
of  the  disease.  These  statements  are  illustrated  by  the  following 
observations : 

Case  1. — Relapse. 


First  period . . 
Second  period 
Third  period.. 


Tempera- 
ture at 
time  of 
reading. 


100.2 
100.2 
100.2 


Calories 
per  kilo- 
gram 
produced. 


43.9 
40.9 
43.1 


Time  after 
food. 


3      7 

31 

1    17 


Respira- 
tory 
quotient. 


0. 862 

.922 

1.006 


Per  cent 
from  fat. 


35.1 

13.3 

0.0 
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Case  2. 


Day  of  disease. 


Fourteenth  day 

Twenty-fourth  day.. 
Thirty-second  day:2 

First  period 

Second  period.. . 


Tempera- 
ture at 
time  of 

reading. 


103.2 
100.2 


Calories 
per  kilo- 
gram 
produced. 


35.8 
34.2 

36.7 
38.2 


Time  after 
food. 


Respira- 
tory 
quotient. 


.858 
.771 

.927 
.993 


Per  cent 
from  fat. 


29.4 
160.6 

11.1 
0.0 


1  Forty-six    minutes   after    10    grams    carbohydrate.     Patient    had    received    28    grams 
carbohydrate  3  hours  previously. 
8  First  day  of  convalescence. 

Carbohydrate. — Carbohydrate  furnishes  the  greatest  percentage 
of  energy  whenever'  it  is  available  in  sufficient  quantity,  as  is  illus- 
trated by  the  following  observation: 

Relapse. 


First  period 

Second  period 

Next  day: 

First  period. . 
Second  period 
Third  period . 


Tem- 
perature. 


102.2 
102.2 

100.2 
100.2 
100.2 


CH. 


108 
143 

71 
65 


Time 
after. 


23 
57 

7 

31 

17 


Respira- 
tory 
quotient. 


1.043 
.973 

.862 

.922 

1.006 


Per  cen 
from  CH. 


86.5 
85.9 


69 
83 


Carbohydrate  is  oxidized  most  rapidly  in  the  febrile  period  and 
the  supply  is  soon  exhausted,  as  the  following  observations  show : 


Case  1.  Febrile  period. 


Fourteenth  day. 
Sixteenth  day... 


Tem- 
perature. 


103.2 
103.0 


CH. 


70 
70 


Time  after. 


2  27 

3  57 


Respira- 
tory 
quotient. 


,856 
.770 


Per  cent 
from  CH. 


45.5 
16.2 


Case  2.  Convalescence. 


Tenth  day: 

First  period . . 
Second  period 
Third  period . 


98.0 
98.0 
98.0 


123 


2  28 

3  43 

4  56 


.986 

1.035 

.976 


0) 


1  Urinary  nitrogen  not  determined. 

These  results  justify  the  clinical  procedure  of  frequently  adminis- 
tering large  quantities  of  carbohydrate  to  the  fever  patient. 

The  rapidity  with  which  the  carbohydrate  is  utilized  suggests 
that  it  is  burned  without  being  transformed  into  glycogen  by  the 

liver. 
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Clinical. — In  conclusion,  I  may  be  permitted  to  speak  briefly  of 
the  clinical  effects  of  a  liberal  diet  in  typhoid  fever.  After  all  is 
said,  the  value  of  any  diet  must  be  judged  by  the  results  obtained 
from  its  use. 

The  influence  which  a  diet  exercises  upon  the  course  of  typhoid 
fever — that  is,  its  duration,  mortality  rate,  incidence  of  complica- 
tions, and  frequency  of  relapses — can  be  learned  only  from  the  study 
of  a  large  number  of  cases  extending  through  epidemics  of  varying 
virulence,  but  the  effects  of  a  diet  upon  the  patient  may  be  learned 
from  the  study  of  a  few  cases  by  the  inductive  method  of  reasoning. 

There  are  only  two  possible  sources  of  energy  either  in  health  or 
in  disease,  namely,  food  and  the  tissues  of  the  body.  If  the  food  is 
insufficient,  the  tissues  of  the  body  are  drawn  upon  to  furnish  the 
energy  which  is  necessary  for  the  continuance  of  life.  Since  it  has 
been  proved  to  be  possible  to  prevent  tissue  loss  in  typhoid,  the  essen- 
tial question  regarding  the  fever  diet  is,  Shall  the  fever  patient  be 
deliberately  starved?  The  burden  of  proof  rests  upon  the  advocates 
of  starvation. 

As  was  stated  earlier  in  the  paper,  the  methods  of  complete  and 
partial  starvation  have  been  tested  in  fevers  during  a  period  of  2,000 
years.  Many  practitioners  still  starve  their  fever  patients,  but  appar- 
ently it  is  because  they  fear  that  sufficient  food  may  injure  the  intes- 
tine, or  cause  disorders  of  digestion,  rather  than  that  they  consider 
starvation  in  itself  beneficial.  Few  will  deny  that  the  starvation 
treatment  of  fevers  has  been  a  failure. 

The  practice  of  supplying  fever  patients  with  all  the  food  they 
require,  or  at  least  all  they  can  digest  and  absorb,  has  been  in  use  for 
only  six  years.  Yet  the  benefits  of  the  procedure  are  already  evident. 
Not  only  is  the  course  of  the  disease  favorably  influenced,  but  the 
condition  of  the  patient  is  vastly  improved.  The  duration  of  the 
febrile  period  appears  to  be  unaffected.  The  mortality  rate  is  lowered. 
The  severity  of  the  infection  is  lessened.  It  is  too  early  to  speak  with 
certainty  of  the  incidence  of  complications  or  the  frequency  of  relapses, 
but  complications  and  relapses  appear  to  be  better  borne  by  the  pa- 
tient. Other  striking  results  of  the  liberal  diet  are  the  absence,  or 
disappearance,  of  severe  toxic  symptoms ;  the  alert  mental  condition ; 
the  absence  or  disappearance  of  diarrhea,  which,  as  Kendall  has 
shown,  is  due  to  the  liberal  supply  of  carbohydrate;  the  maintenance 
of  weight;  the  rapidity  with  which  convalescence  proceeds;  and  the 
prevention  of  the  prolonged  disability  which  formerly  so  often  fol- 
lowed an  attack  of  typhoid  fever. 

1  As  has  been  shown  by  DuBois,  the  allowance  of  15  per  cent  loss  of  food 
nitrogen  in  the  feces  was  excessive.  Recalculated  on  the  lower  basis,  the  re- 
sults make  a  better  showing. 
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2  All  of  the  cases  used  to  illustrate  the  total  food  administered  and  the  pro- 
tein, fat,  and  carbohydrate  ratios,  with  one  exception,  have  been  taken  from 
the  paper  by  Shaffer  and  Coleman,  already  mentioned. 

3Archives  of  Internal  Medicine.     1912,  x,  177. 

4 1  regret  very  much  that  the  custom  of  the  congress  forbids  joint  authorship 
of  the  communications  presented  before  it,  otherwise  his  name  would  be  asso- 
ciated with  mine.     We  shall  publish  the  details  of  the  investigation  together. 

0  Our  instrument  was  not  then  equipped  with  a  spirometer. 

8  This  patient  was  a  boy  of  17  years,  who  received  170  calories  per  kilogram 
the  day  of  the  observation. 

DISCUSSION. 

Dr.  Plonies,  Hannover:  Ich  vermisste  bei  der  Besprechung  der 
Diat  fur  die  verschiedenen  Krankheiten  den  Hinweis  auf  das  Ver- 
halten  der  Herzgrosse  und  das  Ergebniss  der  Stuhluntersuchung 
fur  die  Auswahl  der  Diat,  ohne  die  ich  eine  Diat  nicht  aufstellen 
wiirde  im  einzelnen  Krankheitsfalle.  Natiirlich  muss  auch  beachtet 
werden,  ob  die  Schleimhaute  des  Magenkanals  intakt  sind.  Auf 
das  Niihere  kann  ich  hier  nicht  eingehen. 

Dr.  von  Noorden:  There  is  now  a  tendency  to  prefer  and  to 
recommend  foodstuffs  of  high  caloric  value,  or,  in  other  words,  food- 
stuffs in  which  the  single  calorie  is  as  cheap  as  possible. 

This  is  a  point  of  view  which  is  allowed  to  the  political  economist, 
but  should  not  be  the  principal  point  of  view  of  the  hygienist. 

In  viewing  the  subject  from  such  a  standpoint,  we  should  disap- 
prove a  great  many  foodstuffs  which  are  of  greatest  value  for  the 
digestion  and  the  maintenance  of  good  health.  So  we  heard  today 
the  cortical  parts  of  the  wheat  and  rye  seeds  disapproved  by  Prof. 
Rubner,  and  the  same  we  heard  with  regard  to  raw  fruit.  Indeed, 
it  causes  a  higher  price  of  the  bread  calorie  and  the  fruit  calorie,  if 
you  add  the  pericarp  to  the  flour,  and,  of  course,  by  doing  so,  you  in- 
crease the  bulk  of  feces.  But  you  will  thereby  improve  the  whole 
process  of  digestion,  and  you  will  fortify  the  functions  of  the  intes- 
tines. I  consider  it  as  a  kind  of  education  for  the  intestine  if  you 
give  a  rather  coarse  food ;  and,  on  the  other  hand,  you  would  spoil 
the  intestine,  and  you  would  increase  its  tendency  to  disease,  if  you 
omitted  the  "roughage  "  of  the  foodstuffs.  I  mean  this  fact  must  be 
more  considered  than  is  nowadays  the  habit. 

Prof.  Long:  With  reference  to  the  remarks  of  Prof.  Rubner,  it 
should  be  said  that  properly  canned  meat,  so  cooked  as  to  leave  most 
of  the  extract  in  the  meat,  as  put  up  by  some  of  our  firms,  is  entirely 
satisfactory.  Much  of  our  canned  meat,  however,  is  prepared  from 
a  relatively  low  grade  of  cattle,  and  the  meat  is  frequently  over- 
cooked, and  then  imperfectly  salted.  Such  meat  is  not,  in  the  long 
run,  very  satisfactory. 

In  regard  to  pasteurized  milk,  the  experience  in  this  country  is 
to  the  effect  that  in  the  "  holding  "  process,  when  properly  carried 
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out,  the  temperature  not  being  allowed  to  go  above  60°  C,  the 
quality  of  the  milk  is  not  practically  injured,  and,  in  all  reasonable 
requirements,  is  the  full  equivalent  of  the  fresh  milk,  besides  being 
practically  safe  for  use. 

Dr.  Langwobthy:  One  problem,  in  feeding  quantities  of  fat,  is  to 
give  a  dish  which  resembles  one  the  subject  likes.  Cornstarch  pud- 
ding, highly  flavored  with  caramel,  has  proved  very  useful  for  this 
purpose  in  the  work  of  the  United  States  Department  of  Agriculture. 
As  made  with  a  high  fat  content,  it  can  be  eaten  without  distaste  for 
three-day  experimental  periods. 

Prof.  Lusk:  There  is  need  that  scientific  knowledge  of  the  fuel 
value  of  foods  be  more  popularly  extended.  It  should  be  known 
that  bread,  butter,  and  milk  are  of  food  value,  and  that  flavors,  like 
tea  and  meat  extracts,  have  no  available  energy.  The  poor  of  the 
cities  should  be  taught  such  things,  perhaps  best  through  their  own 
locally  influential  boards  of  health.  It  would  be  highly  desirable, 
furthermore,  to  found  a  national  society  of  educated  people,  who 
could  be  united  in  a  common  endeavor  to  introduce  into  the  national 
life  and  law  of  the  people  the  benefits  of  scientific  knowledge,  now  too 
often  confined  in  the  hands  of  the  few.  The  close  connection  between 
science  and  government  in  Germany  affords  an  example  to  be  copied. 

Prof.  Holst:  I  wish  to  point  out  again,  that  a  boiling  of  nutri- 
ments at  temperatures  exceding  100°  C.  is  an  error.  If  you  feed  a 
chicken  on  meat  boiled  at  100°  C.  only,  it  does  not  become  ill.  If, 
however,  the  meat  is  boiled  for  half  an  hour  at  110°  C.  or  120°  C, 
it  produces  polyneuritis.  The  same  applies  to  scurvy  and  cabbage. 
If  you  boil  cabbage  at  100°  C,  it  prevents  the  experimental  scurvy. 
But  if  you  boil  it  for  half  an  hour  at  110°  C.,  it  loses  a  good  deal,  and 
if  you  boil  it  for  half  an  hour  at  120°  C,  it  loses  most  of  its  antiscor- 
butic properties.  Therefore,  when  a  boiling  at  110°  C.  for  one-half 
hour  is  used  in  the  kitchens  of  our  hospitals,  this  must  be  character- 
ized as  a  wrong  method. 


TUBERKULOSE  UND  STOFEWECHSEL. 

Dr.  Diesing,  Chief  Physician,  Recreation  and  Convalescent  Home,  Gross- 

Hansdorf,  Hamburg,  Germany. 

Wie  alle  Infectionskrankheiten  ruft  auch  die  Tuberkulose  eine 
Reihe  von  allgemeinen  Erscheinungen  hervor,  die  wir  als  Abwei- 
chungen  vom  norma len  Stoffwechsel  betrachten  mussen.  Fieber, 
Abmagerung,  Schwache,  Schweisse,  Aniimie,  Storungen  der  Mens- 
truation, Neurasthenie,  u.  s.  w.,  sind  charakteristisch  fiir  den  Ablauf 
einer  chronischen  Tuberkulose-Erkrankung.  Alle  diese  Storungen 
sind  Erscheinungen  eines  beschleunigten  Stoffwechsels,  einer  ener- 
gischeren  Oxydation,  einer  schnelleren  Verbrennung  der  Korpersubs- 
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tanz,  einer  Demineralisation  des  Organismus.  Dass  der  Tuberkel- 
bacillus der  Urheber  dieser  Beschleunigung  der  oxydativen  Vor- 
gange  ist,  unterliegt  keinem  Zweifel,  der  Tuberkelbacillus  flicht 
seinen  eigenen  Stoffwechsel  in  den  StofTwechselablauf  seines  Wirtes 
ein  und  lenkt  diesen  damit  in  falsche  Bahnen.  Die  Endprodukte  des 
Bacillenstoffwechsels,  seine  Toxine  sind  uns  bekannt,  auch  kennen 
wir  die  vom  Wirtsorganismus  producierten  Gegengifte,  die  Anti- 
toxine.  Eine  fast  uniibersehbare  Fiille  von  hochst  verdienstlichen 
Arbeiten  liegen  auf  diesem  Gebiete  vor.  Aber  die  Forschung  hat 
sich  bis  heute  mit  dem  Anfangsgliede  der  Kette  noch  nicht  abge- 
geben,  sie  hat  sich  nicht  darum  bekiimmert,  welche  Stoffe  des  Wirts- 
organismus der  Tuberkelbacillus  angreift  und  aus  ihrer  physiolo- 
gischen  Bindung  freimacht,  wie  er  sie  verandert,  auf  dass  sie  eine  so 
unheilvolle  Thiitigkeit  ausiiben  konnen.  Da  die  Toxine  und  Anti- 
toxine  im  Blutserum  entstehen,  so  kann  man  ohne  weiteres  annehmen, 
dass  das  Blut  die  Stelle  ist,  wo  der  Tuberkelbacillus  unheilvoll  in  den 
Stoffwechselablauf  seines  Wirtes  eingreift.  Die  nachste  Frage,  die 
man  danach  logischerweise  stellen  muss,  aus  welchen  Elementen  des 
Blutes  entnimmt  der  Tuberkelbacillus  seine  Nahrung,  glaube  ich 
aber  beantworten  zu  konnen,  wenn  ich  wiederum  darauf  hinweise, 
dass  eine  zu  energische  Oxydation,  ein  zu  reichlicher  Zutritt  von 
Sauerstoff  zu  den  Geweben  des  tuberkulosen  Organismus  gerade  das 
Moment,  ist,  dass  den  Stoffwechsel  des  Tuberkulosen  von  dem  des 
Gesunden  unterscheidet.  Der  Trager  des  Sauerstoffes  im  Blute  ist 
aber  das  Haemoglobin  und  in  diesem  speciell  das  eisenhaltige 
Haematin.  Das  eine  im  Haematin  enthaltene  Atom  Eisen  wirkt  als 
Katalysator  und  beschleunigt  die  Oxydationen  im  Organismus. 
Wenn  nun  im  tuberkulosen  Organismus  der  Ablauf  der  oxydativen 
Vorgange  so  beschleunigt  ist,  so  kann  das  nur  darin  seine  Ursache 
haben,  dass  der  Tuberkelbacillus  grossere  Mengen  dieses  Katalysators 
freigemacht,  also  entsprechende  Mengen  Haematin  von  dem  be- 
gleitenden  Eiweisskorper,  dem  schwefelhaltigen  Globin,  abgetrennt 
hat.  An  dieser  Stelle  muss  meines  Erachtens  eine  rationelle  Therapie 
der  Tuberkulose  ejnsetzen.  Nicht  mit  den  Stoffwechselendprodukten 
des  Bacillus  den  Korper  des  Kranken  noch  weiter  vergiften,  sondern 
das  Haemoglobin  fur  den  Tuberkelbacillus  unangreifbar  machen, 
muss  das  Ziel  unserer  Therapie  sein. 

Die  bisher  iiberwiegend  geubte  physikalische  Therapie  der  Tuber- 
kulose :  die  Zufuhr  reiner  frischer  Luft,  die  Darreichung  einer  krafti- 
gen,  reizlosen  Kost,  die  Liegekur,  der  Aufenthalt  im  Mittel-  oder 
Hochgebirge,  neuerdings  auch  die  Vermeidung  aller  alkoholischen 
(ietranke,  setzt  sich  vorzuglich  aus  Massnahmen  zusammen,  die 
geeignet  sind,  den  Sauerstoffverbrauch  herabzusetzen  und  die  Ver- 
brennung  von  Korpersubstanz  moglichst  hintanzuhalten.     Insofern 
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hat  die  Empirie  bis  jetzt  einen  ganz  richtigen  Wcg  eingeschlagen. 
Fiir  die  Wirkung  des  Hohenklimas  bedarf  das  noch  einer  weiteren 
Erklarung.  Unsere  Atmosphare  ist  so  zusammengesetzt,  dass  mit 
zunehmender  Hohe  die  Menge  des  Sauerstoffs  ab-  und  die  Menge  des 
Stickstoffs  zunimmt,  der  Partiardruck  des  Sauerstoffs  ist  in  den 
hoheren  Schichten  unserer  Atmosphare  herabgesetzt,  es  wird  also 
den  Lungen  in  der  Atmungsluft  weniger  Sauerstoff  zur  Verfiigung 
gestellt,  was  notwendigerweise  eine  Eineschriinkung  der  oxydativen 
Vorgange  im  Organismus  zur  Folge  haben  muss. 

Wie  konnen  wir  nun  noch  weiterhin  den  Stoffwechsel  des  Tuber- 
kulosen  beeinflussen,  auf  dass  er  seine  Oxydationen  einzuschranken 
gezwungen  wird?  Zur  Beantwortung  dieser  Frage  hat  mich  fol- 
gende  Erwagung  geleitet :  die  empirische  Formel  des  Haemoglobin 
zeigt  neben  den  hohen,  nicht  ganz  gleichmassig  angegebenen  Atom- 
zahlen  des  Kohlenstoffs,  Sauerstoffs,  Stickstoffs,  und  Wasserstoffs  1 
Atom  Eisen  und  3  Atome  Schwefel.  Diese  4  Mineralatome  sind  nach 
meiner  Anschauung  die  starken  chemischen  Anker,  die  das  so  hoch 
zusammengesetzte  Molekel  des  Haemoglobins  zusammenhalten. 
Wollen  wir  nun  das  Eisenatom  noch  fester  an  das  Haemoglobin 
binden,  als  es  physiologisch  schon  der  Fall  ist,  um  es  vor  den  Angrif- 
fen  des  Tuberkelbacillus  zu  schutzen,  so  miissen  wir  die  3  Schwefel- 
atome  zu  verstarken  suchen.  Dieses  Ziel  konnen  wir  durch  eine 
passende  Schwefelzufuhr  zum  Organismus  erreichen. 

In  jahrelangen  Versuchen  habe  ich  so  ziemlich  all  in  Betracht 
kommenden  Schwefelpraparate  in  ausserer  und  innerer  Anwendung 
bei  Tuberkolose  versucht  und  bin  schliesslich  durch  eingehende 
mikrochemische  und  massanalytische  Untersuchungen  zu  einer  dem 
thierischen  Organismus  eigentiimlichen  Schwefelverbindung,  dem 
schwefelhaltigen  lipoiden  Farbstoff  der  Nebenniere,  gelangt.  Mit 
diesem  von  mir  Adrenochrom  genannten  Organextrakt  habe  ich 
bisher  iiber  300  Falle  von  Tuberkulose  aller  Grade  und  aller  Formen 
behandelt,  und  habe  in  einem  grossen  Parallelversuch  mit  Tuberkulin 
bedeutend  bessere  Eesultate  als  mit  dem  letzteren  Mitt  el  erlangt. 
Die  Anwendung  des  Adrenochroms  ist  ubrigens  durchaus  unge- 
fahrlich,  und  fiihrt  bei  richtiger  Dosierung  keinerlei  unangenehme 
Nebenwirkungen  mit  sich.  Es  wiirde  mich  zu  weit  fiihren,  wenn  ich 
hier  eine  Statistik  oder  eine  Kasuistik  meiner  Falle  geben  wollte, 
auch  mochte  ich  hier  von  vornherein  erklaren,  dass  man  mit  diesem 
Verfahren  keine  verzweifelten  Falle  im  Endstadium  heilen  kann, 
aber  immerhin  ist  es  mir  doch  in  alien  Fallen  gelungen,  eine  betracht- 
liche  Verlangerung  des  Lebens  und  eine  unverkennbare  Milderung 
aller  Beschwerden  der  letzten  Lebensperiode  solcher  ungliicklichen 
Menschen  zu  erreichen.  Leichte  und  mittelschwere  Falle  werden 
mit  meinem  Verfahren  schneller  geheilt  als  es  bei  Anwendung  der 
physikalischen  Heilmittel  allein  moglich  ist. 
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THE  UNKNOWN  FACTORS  IN  THE   ILL   EFFECTS  OF  BAD  VENTI- 
LATION. 

Yandell  Henderson,  Ph.   D.,  Professor  of  Physiology,   Yale  Medical   School, 

New  Haven,  Conn. 

It  is  one  of  the  cardinal  principles  of  modern  hygiene  that  bad 
ventilation  of  dwellings,  factories,  shops,  and  cars  is  detrimental 
to  health.  Fresh  air  has  in  fact  become  almost  a  fetich.  The  open- 
air  treatment  of  tuberculosis  is  assuming  each  year  a  more  important 
part  in  medicine.  The  marked  improvement  in  cases  of  pneumonia 
obtained  by  putting  them  in  the  open  air  is  testified  to  almost  uni- 
versally by  those  who  have  tried  it.  In  view  of  these  facts,  the 
statement  which  I  am  about  to  make  sounds  almost  unbelievable. 
The  statement  is  this:  We  have  really,  at  the  present  time,  no  ade- 
quate scientific  explanation  for  the  health-stimulating  properties  of 
fresh  air  and  the  health-destroying  influences  of  bad  ventilation. 

In  such  a  statement  it  is  necessary  to  limit  the  meaning  to  the 
effects  of  the  air  itself  and  not  to  include  the  effects  of  dust,  the 
effects  of  deprivation  of  sunlight,  the  effects  of  sedentary  habits, 
long  hours  of  work,  and  other  unsanitary  conditions.  Even  when 
all  of  these  elements  are  left  out,  however,  it  is  clear  that  close- 
crowded,  ill- ventilated  rooms  act  upon  the  majority  of  persons  and 
produce  immediate  ill  effects.  Those  who  are  particularly  sensitive 
are  liable  to  headaches,  nausea,  giddiness,  and  even  vomiting  or 
fainting.  To  what  are  these  effects  due?  It  is  my  purpose  to-day 
to  consider  briefly  our  knowledge,  or  rather  our  ignorance,  of  the 
subject,  and  to  make  a  suggestion  along  a  somewhat  new  line. 

In  this  problem  scientific  progress  has  in  the  main  served  only  to 
eliminate  possible  explanations.  When  Lavoisier  discovered  that 
breathing  consists  in  the  absorption  of  oxygen  for  the  vital  com- 
bustion, and  the  elimination  of  the  carbonic  acid  which  the  combus- 
bustion  produces,  the  problem  seemed  to  have  been  solved.  The 
manifest  answer  was  "  lack  of  oxygen."  Even  at  the  present  time  it 
is  quite  common  to  hear  the  expression  that  "the  air  of  a  close  and 
crowded  room  has  been  deprived  of  its  oxygen."  The  analogies  of 
the  kerosene  lamp  smoking  because  of  an  insufficiency  of  air  supply 
or  of  a  fire  in  a  stove  extinguished  by  closed  dampers  have  become 
firmly  fixed  in  the  popular  mind.  Every  school  child  is  taught  that 
a  mouse  sealed  up  in  a  small  glass  jar  dies  in  a  short  time.  It  is  un- 
necessary to  review  scientific  investigation  at  any  length,  however, 
to  prove  that  none  of  these  facts  have  really  any  bearing  on  the 
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problem  before  us.  It  is  well  established  that  even  in  the  closest  hall 
packed  with  people  the  oxygen  content  of  the  air  is  practically  never 
reduced  by  as  much  as  1  per  cent.  On  the  other  hand,  it  is  only 
necessary  to  go  a  short  distance  up  into  the  mountains  to  come  under 
an  atmospheric  pressure  such  as  to  reduce  the  oxygen  supply  much 
more  than  this  amount,  and  yet  mountain  air  is  especially  healthful. 
Moreover,  the  administration  of  pure  oxygen  to  cases  of  tuberculosis 
has  proved  of  no  value,  and  it  is  extremely  doubtful  whether  the  use 
of  oxygen  in  pneumonia  is  of  any  value.  From  such  facts,  and  they 
could  be  almost  indefinitely  multiplied,  it  is  clear  that  the  amount 
of  oxygen  in  the  air  has  little  or  nothing  to  do  with  its  stimulating 
or  depressing  properties  in  ordinary  life  or  in  disease. 

Hygienists  are  accustomed  to  estimate  the  effectiveness  of  ventila- 
tion by  the  amount  of  carbon  dioxid  which  the  air  in  a  room  con- 
tains. It  is  quite  certain,  however,  that  a  quantity  of  carbon  dioxid 
tenfold  greater  than  the  highest  hygienic  limit  may  be  breathed 
practically  indefinitely  with  impunity.  To  mention  only  a  single 
fact  indicating  this,  take  such  respiration  experiments  as  those 
carried  out  in  a  closed  calorimeter  in  the  Carnegie  laboratory  in 
Boston.  The  subject  in  such  an  apparatus  breathes  an  atmosphere 
which  frequently  contains  considerably  more  than  1  per  cent  of 
carbon  dioxid.  In  this  he  remains  for  days,  or  even  weeks,  and 
performs  active  mental  or  physical  work  with  no  ill  effects  what- 
ever, yet  the  standard  which  hygienists  are  accustomed  to  use  in 
estimating  the  purity  of  air  limits  the  carbon  dioxid  to  amounts  so 
small  as  "parts  in  ten-thousandth,"  w#ith  0.13  of  1  per  cent  as  an 
upper  limit.  For  more  than  50  years  it  has  been  recognized  that 
carbon  dioxid,  in  itself,  has  little  or  nothing  to  do  with  the  rela- 
tions of  air  to  health.  Pettenkofer's  standard  for  estimating  ven- 
tilation by  the  carbon-dioxid  content  of  the  air  has  continued  to  be 
used  merely  as  a  convenient  index. 

In  the  experiments  of  Brown-Sequard  and  d'Arsonval,  published 
in  1887,  the  idea  was  advanced  that  the  toxic  effects  of  expired  air 
are  due  to  a  volatile  poison  contained  in  the  breath.  Their  experi- 
ments have  been  so  frequently  quoted  that  it  is  quite  unnecessary  for 
me  to  review  them  here.  As  the  result  of  a  long  series  of  investiga- 
tions by  many  workers,  it  seems  to  have  been  shown  bej'ond  all  ques- 
tion that  the  breath  contains  no  such  "  anthropotoxin."  This  was  the 
conclusion  reached,  for  instance,  by  Mitchell,  Billings,  and  Bergey, 
while  Formanek  concluded  from  an  extended  review  of  the  subject 
that  the  only  substances  appearing  in  the  breath,  other  than  carbon 
dioxid  and  water  vapor,  are  the  products  of  putrefaction  in  the 
mouth,  particularly  ammonia. 

This  chapter  seemed  to  have  been  closed  when,  about  a  year  ago, 
Rosenau  and  Amoss1  revived  the  conception  of  the  toxicity  of  the 
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breath  in  a  new  form.  They  condensed  the  vapor  of  the  air  expired 
by  human  beings  and  injected  the  liquid  into  guinea  pigs.  A  second 
injection,  the  proper  number  of  days  later,  showed  that  the  pigs  had 
become  sensitized  to  some  substance  contained  in  the  injected  liquid. 
It  is  only  fair  to  Rosenau  and  'Amoss  to  say  that,  in  stating  their 
experiments,  they  have  not  claimed  for  them  that  they  afford  neces- 
sarily a  complete  explanation  of  the  problem  before  us,  but  the  sug- 
gestion that  they  may  offer  such  an  explanation  is  clear.  Their  more 
recent  work  along  this  line  is,  I  understand,  to  be  offered  before  this 
section  of  this  congress.  Unless,  however,  it  goes  much  further  than 
their  earlier  work,  I  must  express  my  incredulity  regarding  its  signifi- 
cance for  the  problem  before  us.  There  is  nothing,  so  far  as  I  am 
aware,  in  our  present  knowledge  of  anaphylaxis,  to  suggest  that  any 
species  of  animal  can  be  sensitized  to  a  protein  produced  by  itself. 
It  may  well  be  that  a  small  "amount  of  albuminous  material  is  carried 
by  the  expired  air.  If  so,  we  should  expect  that  guinea  pigs  might 
thereby  become  sensitized  to  human  protein;  but  it  is  quite  another 
thing  to  suppose  that  human  beings  can  be  sensitized  to  human 
protein.  Another  objection  which  weighs  strongly,  it  seems  to  me, 
against  this  suggestion,  is  that  the  clinical  picture  presented  by  a 
person  in  a  close  and  crowded  room  is  altogether  different  from  that 
of  anaphylactic  shock.  If  the  suggestion  of  Rosenau  and  Amoss 
were  correct,  we  should  expect  that  persons  in  a  close  and  crowded 
room  would  develop  a  coryza,  conjunctivitis,  and  asthma.  I  say  that 
we  might  expect  this,  for  the  reason  that  this  is  what  happens  in 
those  unfortunate  persons  who  are  afflicted  with  hay  fever,  and 
particularly  in  those  who,  while  indifferent  to  all  other  forms  of  dust 
and  pollen,  are  susceptible  to  the  skin  and  breath  emanations  of 
horses.  In  fact,  in  that  form  of  hay  fever  which  consists  in  sensitive- 
ness to  the  exhalations  of  horses,  we  have  exactly  the  sort  of  thing 
which,  as  Rosenau  and  Amoss  suggest,  is  responsible  for  the  ill  effects 
of  bad  ventilation.  It  is  evidence  of  some  value  against  their  sug- 
gestion, therefore,  that  the  symptoms  induced  by  the  two  sets  of 
conditions  are  totally  different. 

A  good  many  years  ago  Hermann  suggested  that  in  reality  the 
ill  effects  of  bad  ventilation  are  due  not  to  the  chemical  composition 
of  the  inspired  air  but  to  interference  with  the  heat  eliminating  func- 
tion of  the  skin.  This  view  has  been  elaborated  and  placed  upon  a 
very  firm  experimental  basis  in  recent  years  by  Fltigge2  and  his 
pupils.  All  of  their  experiments  were  carried  out  upon  man.  The 
subject  was  inclosed  in  an  air-tight  box  of  small  size  and  the  experi- 
ments were  planned  so  as  to  contrast  the  effects  of  chemical  vitiation 
of  the  atmosphere,  on  the  one  hand,  with  the  physical  changes  of  high 
temperature  and  humidity,  on  the  other.  It  was  found  that  a  high 
degree  of  chemical  vitiation  (i.  e.,  reduction  of  the  oxygen  and  in- 
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crease  of  the  carbon  dioxid)  was  borne  with  no  perceptible  ill  effects, 
so  long  as  the  air  in  the  chamber  was  kept  cool  and  dry.  On  the 
other  hand,  all  of  the  ill  effects  of  vitiated  air  were  experienced,  with 
even  a  slight  chemical  impurity,  as  soon  as  the  temperature  and 
moisture  content  rose  sufficiently  to  interfere  with  the  elimination 
of  heat  through  the  subject's  skin.  Particularly  striking  was  one 
experiment  in  which  one  subject,  placed  within  the  chamber  in  a  hot, 
moist,  and  chemically  highly  vitiated  atmosphere,  experienced  all  the 
ill  effects  of  bad  ventilation,  although  at  the  same  time  he  was 
allowed  to  breathe  fresh  and  perfectly  pure  air  from  outside,  through 
a  mouthpiece  in  the  wall  of  the  chamber.  At  the  same  time  another 
subject  outside  of  the  chamber  breathed  through  a  mouthpiece  con- 
nected with  the  interior.  The  skin  of  the  latter  was  of  course 
under  hygienic  conditions.  His  air  supply  was  supposedly  highly 
unhygienic,  but  no  ill  effects  were  experienced.  On  the  other  hand, 
the  subject  within  the  box  whose  lungs  received  fresh  air,  but  whose 
skin  was  exposed  to  a  hot  and  moist  atmosphere,  felt  dizzy  and 
became  nauseated. 

Very  similar  results  have  been  reported  by  Leonard  Hill 3  in  Eng- 
land. Hill  described  one  of  his  experiments  in  which  he  and  several 
of  his  pupils  were  shut  up  in  a  small  chamber,  as  follows : 

After  44  minutes  the  dry-bulb  thermometer  stood  at  87°  F.,  the  wet  bulb  at 
83°  F.  The  carbon  dioxid  had  risen  to  5.26  per  cent.  The  oxygen  had 
fallen  to  15.1  per  cent.  The  discomfort  felt  was  great;  all  were  wet  with 
sweat  and  the  skin  of  all  was  flushed.  The  talking  and  laughing  of  the 
occupants  had  gradually  become  less  and  then  ceased.  On  putting  on  the 
electric  fans  and  whirling  the  air  in  the  chamber  the  relief  was  immediate  and 
very  great,  and  this  in  spite  of  the  temperature  of  the  chamber  continuing  to 
rise.  On  putting  off  the  fans  the  discomfort  returned.  The  occupants  cried 
out  for  the  fans.  No  headache  or  aftereffects  have  followed  this  type  of  experi- 
ment, which  has  been  repeated  five  times.. 

In  the  light  of  these  facts  we  seem  to  be  forced  to  the  conclusion 
that  the  effects  of  bad  ventilation  are  not  dependent  upon  the  air 
which  enters  the  lungs,  but  upon  the  temperature,  moisture  content, 
and  drafts  of  the  air  in  contact  with  the  surface  of  the  body.  They 
depend  upon  interference  with  heat  elimination  by  the  skin.  They 
are  due  wholly,  or  almost  wholly,  to  heat  stagnation  in  the  atmos- 
phere contained  in  the  pores  of  the  clothing  surrounding  the  body. 

What  I  wish  to  put  before  you  now  is  a  question.  Is  this  explana- 
tion satisfactory?  I  must  confess  that  for  me  it  is  not.  From  the 
standpoint  of  hygiene,  it  is  indeed  practically  proved.  From  the 
standpoint  of  physiology,  however,  the  proof  offered  by  Hill  and 
Fliigge  merely  opens  up  a  new  problem.  In  the  experiment  which 
I  have  quoted  from  Hill's  report,  it  is  clear  that  the  ill  effects  ex- 
perienced by  the  men  in  the  small  chamber  were  not  due  to  a  rise  of 
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body  temperature,  but  merely  to  a  high  skin  temperature.  Quick  re- 
lief was  experienced  when  the  electric  fans  were  turned  on  and  the 
air  in  the  chamber  was  set  whirling,  and  yet  at  the  same  time  the 
temperature  in  the  chamber  continued  to  rise  and  the  wet  and  dry 
bulb  thermometers  showed  a  difference  of  only  4°.  I  do  not  know 
how  satisfactory  the  hypothesis  which  I  am  going  to  lay  before  you 
may  appear,  but  to  me  it  seems  perfectly  evident  that  the  effects  ex- 
perienced by  Hill  and  his  pupils  in  that  chamber  were  not  the  direct 
result  of  skin  conditions,  but  rather  the  result  of  some  process  in  the 
lungs  as  yet  dimly  understood,  which  is  influenced  by  skin  conditions. 
In  this  connection  I  would  remind  you  that  Bohr,4  whose  recent 
lamented  death  has  removed  one  of  the  ablest  investigators  in  this 
field,  devoted  nearly  the  whole  of  his  working  life  to  the  attempt  to 
prove  that  the  passage  of  gases,  and  particularly  the  passage  of 
oxygen,  from  the  lungs  into  the  blood  is  not  a  mere  process  of  diffu- 
sion, but  involves  a  distinct  secretory  activity  by  the  pulmonary 
epithelium.  This  view,  it  is  true,  seems  to-day  to  be  further  from 
acceptance  than  at  the  time  Bohr  died.  Speaking  for  myself,  I  may 
say  that,  up  to  a  short  time  ago,  I  regarded  it  with  entire  scepticism. 
During  the  summer  of  1911,  it  was  my  good  fortune  to  take  part 
in  an  expedition  which  spent  five  weeks  on  the  summit  of  Pike's 
Peak.5  There,  under  almost  ideal  conditions  for  the  scientific  investi- 
gation of  the  effects  of  low  barometric  pressure  upon  man  and  under 
the  inspiration  also  of  continuous  association  with  Dr.  J.  S.  Haldane, 
of  Oxford,  I  was  forced  to  the  conclusion  that  Bohr  had  been  upon 
the  track  of  a  great  scientific  truth.  Much  of  the  previous  work  of 
Haldane  and  his  collaborators  had  tended  to  support  the  view  of 
Bohr  regarding  the  activity  of  the  lung  epithelium.  The  results  of 
our  observations  on  Pike's  Peak,  both  upon  ourselves  and  upon  others, 
under  a  barometric  condition  of  only  450  millimeters  of  mercury, 
seemed  susceptible  of  no  other  explanation  than  that  of  pulmonary 
activity.  The  results  of  our  investigations  will  soon  be  in  print  and 
available  to  those  interested.  I  shall  lay  stress,  therefore,  upon  only  a 
few  points.  These  are,  that  the  symptoms  of  mountain  sickness  are 
in  nearly  all  essential  points  the  same,  or  closely  similar  to,  the  effects 
of  bad  ventilation.  Mountain  sickness,  however,  is  not  due  to  any 
skin  effect,  but  is  wholly  due  to  an  insufficient  supply  of  oxygen  to 
the  tissues  because  of  the  low  air  pressure.  In  a  newcomer  on  Pike's 
Peak  the  lips  are  blue,  the  temper  uncertain ;  headache,  nausea,  vomit- 
ing, and  even  fainting  are  common.  After  four  or  five  days,  however, 
a  health.y  subject  becomes  adjusted  to  the  low  barometric  pressure 
so  that  these  symptoms  disappear,  and  an  ordinary  condition  of 
health  returns.  Our  experiments  indicated  clearly  that  the  principal 
reason  for  this  return  to  health  lies  in  the  development  on  the  part  of 
the  lungs  of  the  power  to  secrete  oxygen  actively  from  the  air  of  the 
lungs  into  the  blood.    It  was  very  noticeable  that  in  newcomers  on  the 
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Peak  even  a  few  minutes  in  a  room,  not  excessively  close  to  the  senses 
of  a  regular  inhabitant,  was  sufficient  to  precipitate  an  attack  of  acute 
mountain  sickness.  If  such  persons  went  outside  in  the  cool  and 
breezy  open  air,  the  attack  was  often  relieved  or  prevented.  The  chill 
to  the  skin  stimulated  the  lungs  to  secrete. 

In  the  earlier  work  of  Haldane  and  some  of  his  collaborators  there 
are  a  number  of  facts  which  suggest  that  one  of  the  effects  of  cold 
upon  the  skin  is  to  stimulate  the  pulmonary  epithelium  to  secretory 
activity.  Taking  all  of  these  facts  into  account,  it  is  logical  to  con- 
clude that  the  lungs  are  normally  the  seat  of  a  more  or  less  active 
process  of  oxygen  secretion,  and  that  the  effects  of  warm  moist  air 
upon  the  skin  are  to  inhibit  this  process  in  the  lungs.  In  a  sense,  such 
an  explanation  brings  us  back  to  the  point  from  which  we  started, 
namely,  to  the  idea  that  in  a  close  and  crowded  room  the  body  is 
insufficiently  supplied  with  oxygen;  but  this  insufficient  supply,  ac- 
cording to  the  explanation  which  I  have  stated,  is  due  not  to  an  in- 
sufficiency of  the  oxygen  in  the  air,  but  to  an  inhibition  (probably  by 
a  hormone)  of  the  power  of  the  lungs  to  utilize  this  oxygen. 

Lack  of  time  prevents  my  discussing  this  topic  in  detail.  The  sub- 
ject needs  investigation  along  new  experimental  lines  rather  than  a 
rehearsal  of  old  data.  Eeference  should  be  made,  however,  to  the 
recent  paper  of  Douglas  and  Haldane 6  on  "  the  causes  of  absorption 
of  oxygen  by  the  lungs,"  in  which  improved  methods  are  described 
and  the  secretory  theory  strongly  supported.  It  is  also  to  the  point 
to  mention  certain  evidence  along  an  entirely  distinct  line  which  I 
have  been  collecting  for  several  years  past  and  hope  soon  to  publish. 
My  experiments  show  as  clearly  as  vivisectional  methods  can  that, 
contrary  to  the  calculations  of  Zuntz  7  and  of  Krogh,8  the  blood 
stream  is  insufficient  to  transport  all  of  the  oxygen  taken  up  by  the 
lungs  during  vigorous  physical  exercise.  The  conclusion  seems  to  be 
inevitable  that  Bohr  was  correct  when  he  claimed  that  under  certain 
conditions  a  considerable  utilization,  or  at  least  disappearance,  of 
oxygen  occurs  in  the  lungs — a  pulmonary  combustion,  so  to  speak. 

Along  these  lines,  it  seems  to  me,  and  along  these  lines  alone,  there 
appears  to  be  hope  of  reaching  an  adequate  explanation  of  the  ill 
effects  of  bad  ventilation  and  the  stimulating  influences  of  fresh  air. 

1  Rosenau  and  Amoss ;  Journ.  Med.  Research,  1911,  XXV,  p.  35. 

2  Fliigge,  Zeitschr.  f.  Hygiene,  1905,  XLIX,  p.  363. 
8  L.  Hill,  Journ.  Physiol.,  1910,  XLI,  p.  3. 

4  Bohr.  Skand.  Arch.  Physiol.,  1909,  XXII,  p.  228. 

6  Report  of  expedition  to  Pike's  Peak  (soon  to  appear  in  Phil.  Trans.  Royal 
Soc). 

'Douglas  and  Haldane,  Journ.  Physiol.,  1912,  XLIV,  p.  305. 

7  Zuntz,  Zeitschr.  f.  klin.  Med.,  1912,  LXXIV,  h.  3  and  4. 

8  Krogh,  Skand.  Arch.  Physiol.,  1912,  XXVII,  pp.  126  and  227. 

For  recent  reviews  of  literature,  see  Crowd er,  Arch.  Intern.  Med.,  1911,  p.  85; 
and  Sewall,  Journ.  A.  M.  A.,  1912,  LVIII,  p.  174. 
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DISCUSSION. 

Prof.  Vaughan:  Rosenau  and  Anderson  some  years  ago  showed 
that  individuals  suffering  from  asthma  are  unfit  for  injections 
of  horse  serum.  People  may  become  susceptible  to  horse  protein 
by  the  inhalation  of  horsehairs,  which  may  convey  horse  protein 
enough  to  sensitize.  It  will  be  interesting  to  determine  whether 
animals  sensitized  to  horse  protein  may  sensitize  other  animals  to  the 
same  protein  through  the  expired  air.  Possibly  something  may  be 
learned  by  injecting  the  fluid  obtained  from  the  expired  air  into 
human  beings. 

Prof.  Hough  :  In  a  paper  read  three  years  ago,  before  the  Amer- 
ican Public  Health  Association,  I  urged  the  view  that  we  should 
probably  distinguish  between  the  immediate  or  acute  effects  of  poor 
ventilation  and  the  effects  which  result  from  long  exposure  to  viti- 
ated air.  Personally,  I  must  still  think  that  the  acute  effects  are 
largely,  if  not  entirely,  explained  by  the  physical  conditions  of  high 
temperature,  humidity,  and  absence  of  air  movement.  The  subjective 
feelings  are  the  same  on  a  warm,  muggy  day  in  summer,  and  in  a 
poorly  ventilated  room.  Restore  ideal  atmospheric  conditions  as  to 
temperature,  moisture,  and  draught,  and  the  symptoms  disappear, 
even  though  the  vitiation  of  the  air  is  not  removed.  In  any  case,  the 
practical  solution  of  the  problem  of  ventilation  must  involve,  first  of 
all,  the  maintenance  of  proper  climatic  conditions. 


DIE  BEDEUTUNG  DER  NAHRSALZE,  FUR  GESUNDE  UND  KRANKE. 

Dr.  Richard  Peters,  Spezialarzt  fur  Blut-  und  Stoffwechselkrankheiten,  in 

Hannover. 

Die  Bedeutung  der  Mineralstoffe  und  ihrer  Yerbindungen  fur  die 
Ernahrung  erforscht  und  sicher  gestellt  zu  haben,  ist  ein  Verdienst 
der  neueren  biologischen  Forschung.  Allerdings  ware  es  unge- 
recht,  bei  Anerkennung  dieser  Tatsache  die  verdienstlichen  Vorar- 
beiten  Liebigs  und  seiner  unmittelbaren  Nachfolger  zu  iibersehen. 
Es  lasst  sich  nicht  leugnen,  dass  J.  von  Liebig  bei  seinen  Erorterun- 
gen  liber  die  Nahrungsstoffe  stets  auch  die  Bedeutung  der  Salze  in 
der  Nahrung  hervorgehoben  hat.  Auch  Carl  Voit  verkannte  ihre 
Wichtigkeit  durchaus  nicht.  Das  geht  aus  den  Sitzungsberichten 
der  baierischen  Akademie  der  Wissenschaften  hervor,  in.denen  Voit 
im  Dezember  18G9  iiber  die  Untersuchungen  seines  Schiilers  J.  Fors- 
ter  berichtete.  Diesem  gebiihrt  auch  das  Verdienst,  den  Namen 
"  Nahrsalze  "  zum  ersten  Male  in  seinen  wissenschaftlichen  Arbeiten 
gebraucht  zu  haben,  die  er  im  Jahre  1875  1  veroffentlichte. 
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Merkwiirdigerweise  ist  dann  jahrzehntelang  der  Begriff  der  Niihr- 
salze  fast  ganz  aus  der  wissenschaftlichen  Literatur  verschwunden 
und  die  Salze  wurden  vielfach  als  ein  mehr  oder  minder  zweckloser 
Bestandteil  der  Nahrungsmittel  angesehen.  Spater,  als  man  ihre 
Bedeutung  fiir  den  Aufbau  einzelner  Organe  und  Gewebe  zwar 
erkannt  hatte,  fehlte  es  doch  an  Klarheit  uber  die  einzelnen  Salz- 
verbindungen. 

Inzwischen  drangen  die  Arbeiten  eines  Mannes  ins  Volk,  der  in- 
folge  seiner  eigenartigen  Stellungnahme  zur  wissenschaftlichen  Medi- 
zin  sich  in  den  Kreisen  der  Fachgenossen  nicht  jene  Beachtung  zu 
sichern  vermochte,  die  seine  Feststellungen  immerhin  verdienten. 
Es  ist  der  physiologische  Chemiker  Julius  Hensel,  der  in  seiner 
"  Makrobiotik  "  die  grosse  Bedeutung  der  Mineralsalze  fiir  den  Be- 
trieb  der  Organismen  bis  auf  die  kleinsten  Einzelheiten  beschrieb 
und  gleichzeitig  den  Grund  zu  einer  Mineralstofftherapie  legte,  die 
von  neueren  Autoren  in  vollem  Umfange  bestatigt  worden  ist. 

Julius  Hensel  war  es  auch,  der  zuerst  auf  die  Mineralverarmung 
unserer  Feld-  und  Gartenfriichte  hinwies,  und  daraus  die  Notwendig- 
keit  folgerte,  durch  Zufiihrung  entsprechender  Salzgemische  dem 
Niihrsalzmangel  besonders  der  vegetabilischen  Nahrungsmittel  zu 
begegnen.  Jedenfalls  gaben  die  Arbeiten  Hensels,  mogen  sie  auch 
nicht  frei  sein  von  veralteten  Anschauungen  und  manchen  Irrtiimern, 
doch  den  Anstoss  zur  Fortsetzung  wissenschaftlicher  Forschungen 
auf  dem  von  ihm  beschrittenen  Gebiet.  Die  Aerzte  Schussler  und 
Lahmann  haben  sich  bei  ihren  Arbeiten  ebenso  wie  in  der  Praxis 
unverkennbar  auf  den  inswischen  Verstorbenen  gestiitzt  und  seine 
Erfahrungen  nutzbringend  verwertet. 

Hensel  wurde  in  seiner  Eigenschaft  als  Chemiker  zuniichst  auf- 
merksam  auf  die  Verschiedenheit  der  Aschenzusammensetzung  der 
Sekrete  und  Exkrete  des  Organismus,  uber  die  damals  die  Kenntnisse 
noch  recht  liickenhaft  waren.  Heute  ist  uns  alien  der  Mineralstoff- 
gehalt  menschlicher  Ausscheidungen  bekannt.  Ebenso  gelaufig  ist 
uns  die  grosse  Verschiedenheit  des  Aschengehalts  pathologischer  Ex- 
kremente  von  denen  Gesunder.  Ury  und  Alexander  haben  diese 
Variabilitiit  wissenschaftlich  erforscht  und  die  Ergebnisse  ihrer  Un- 
tersuchungen  veroffentlicht.2  Aber  auch  bei  Gesunden  bestehen 
erhebliche  Differenzen,  die  lediglich  auf  die  Art  der  Ermihrung 
zuriickgefiihrt  werden  miissen.  Es  sei  hier  nur  an  die  Untersuchun- 
gen  von  Blauberg 3  und  Grundzach  erinnert,  die  ungeachtet  einer 
anscheinend  nicht  ganz  einwandfreien  und  ungleichmassigen  Metho- 
dik  dennoch  zu  ziemlich  gleichen  Resultaten  gelangten. 

Unsere  Organe  und  Gewebe,  ja  die  verschiedenen  Zellen  sind  auf 
einen  Gehalt  an  unorganischen  Materialien  in  genau  festgesetzten 
Mengenverhaltnissen  engewiesen,  wenn  sie  zweckentsprechend  arbeiten 
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sollen.  Wissen  wir  doch,  dass  die  Erhaltung  bestimmter  Teile  auch 
bestimmte  Modifikationen  der  Mineralien  erfordert.  Mit  Bezug  auf 
das  Herz  hat  sie  L.  Hermann4  mit  Bestimmtheit  nachgewiesen.  Be- 
sonders  dem  Kali-  und  Kalziumzusatz  wird  neben  dem  Natrium 
bei  gleichzeitiger  Anwesenheit  von  Chlor  entschiedene  Bedeutung 
beigelegt. 

Die  Anwesenheit  miner alischer  Salze  im  Organismus  unterliegt 
erwiesenermassen  einer  so  strengen  Gesetzmiissigkeit,  dass  Hirth 
sogar  von  einer  absoluten  Regulation  ester  Ordnung  spricht,  weil  es 
dafur  keine  Kompensation  im  Sinne  Eosenbachs  gibt.  Fur  das  Salz 
existiert  so  wenig  wie  fiir  den  Sauerstoff  ein  Ersatz  unter  den  Nah- 
rungsmitteln  und  Energiticis.  Tiere  wie  Pflanzen  sterben,  wenn 
ihnen  das  Salz  vollkommen  entzogen  wird.  Den  Beweis  dafur  lie- 
ferte  der  Versuch  Forsters,  dessen  Tiere  bei  Fiitterung  mit  moglichst 
salzfreien  Gemengen  nach  kurzer  Zeit  eingingen.  Auch  Bunge  ver- 
mochte  durch  den  von  ihm  veranlassten  Lunin'schen  Versuch  keines- 
wegs  die  Forster'schen  Feststellungen  zu  erschiittern  und  er  erkennt 
ebenso  wie  alle  andern  Physiologen  die  Notwendigkeit  des  wachsen- 
den  kindlichen  Organismus  an,  Salze  bestandig  in  der  Nahrung  auf- 
zunehmen.  Ja,  er  glaubt  sogar,  dass  der  kindliche  Organismus  da  von 
oft  zu  wenig  erhalte. 

Nur  fiir  den  arwachsenen  Organismus  halt  der  geistvolle  Forscher 
mit  verschiedenen  andern  Physiologen  die  Notwendigkeit  der  Salz- 
aufnahme  nicht  in  gleichem  Masse  fur  erwiesen. .  Indessen  widerlegt 
er  sich  selbst  durch  das  Zugestandnis,  der  erwachsene  Organismus 
bediirfe  der  Salzzufuhr  "  zu  ge wissen  Zeiten,"  vornehmlich  beim. 
Ersatz  des  Spermas  und — bei  den  Frauen — zurzeit  der  Menstruation, 
Schwangerschaft  und  Laktation. 

Dass  auch  der  erwachsene  Organismus  unter  der  Salzentziehung 
leidet,  haben — ganz  abgesehen  von  den  zahlreichen  Tierexperi- 
aienten — die  bekannten  Versuche  an  den  sogenannten  Hungerkiinst- 
Xern  Cetti,  Succi,  und  Breithaupt 5  erwiesen,  bei  denen  sich  erhebliche 
Yeranderungen  des  Mineralstoffwechsels  zeigten. 

Allerdings  sind  die  Salze  in  der  Nahrung  quantitativ  und  wahr- 
3cheinlich  auch  qualitativ  fiir  den  wachsenden  Organismus  nicht  die 
gleichen  wie  fiir  den  erwachsenen.  Schon  Forster  wies  darauf  hin, 
dass  ein  Teil  der  Salze  sich  in  fester  Verbindung  mit  den  Korper- 
substanzen  in  den  Organen  und  als  notwendiger  Bestandteil  in  den 
Saften  und  im  Blute  finde.  Ein  anderer  Teil  ist  nach  Forster  einfach 
in  den  Saften  gelost.  Die  ersten  seien  die  eigentlichen  Korpersalze, 
die  letzteren  die  im  Ueberschuss  eingefiihrten  Salze,  die,  beim  Zerfall 
und  der  Oxydation  der  verbrennlichen  Stoffe  im  Korper  frei  werden 
oder  in  Verbindung  mit  deren  Zersetzungsprodukten  getreten  sind. 
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Wahrscheinlich  gehoren  die  von  Erwachsenen  aufgenommenen  Salze 
zum  grossten  Teil  der  zweiten  Gruppe  an,  wiihrend  beim  kindlichen 
Organismus  das  Verhaltnis  umgekehrt  ist. 

Dass  iibrigens  eine  regelmlissige  Zufuhr  von  Salzen  auch  beim  er- 
wachsenen Organismus  notwendig  ist,  wird  nicht  etwa  nur  durch  ihr 
Vorhandensein  in  den  Sekreten  und  Exkreten  erwiesen,  sondern  weit 
mehr  durch  die  Tatsache,  dass  es  gelang,  durch  ihre  erneute  Zufuhr 
den  Salzhungertod  bei  den  Versuchstieren  abzuwenden  oder  die  be- 
reits  eingetretenen  gesundheitsschadlichen  Folgen  des  Salzmangels 
wieder  auszugleichen.  Auch  die  unbestreitbaren  Erfolge,  die  die 
noch  junge  Mineralstofftherapie  aufzuweisen  hat,  sind  ein  Beweis 
f iir  die  Notwendigkeit  der  Mineralsalze  fur  den  Betrieb  der  Organis- 
men  einerseits  und  fiir  den  Irrtum  der  weitverbreiten  und  in  vielen 
Lehrbiichern  ausgesprochenen  Annahme,  der  relativ  geringe  Bedarf 
an  Mineralstoffen  werde  durch  die  Nahrung  des  Menschen  uber- 
reichlich  gedeckt.  Sehr  zutreffend  bemerken  dazu  Albu  und  Neu- 
berg,8  fiir  den  gesunden  Menschen  treffe  das  zu,  darum  bleibe  er 
eben  gesund.  Aber.es  treten  im  Korper  ebenso  haufig  Storungen  ein, 
die  von  nicht  geringerer  Einwirkung  auf  den  Ablauf  der  Lebens- 
vorgange  sind  als  die  negativen  Bilanzen  im  Eiweiss-,  Fett-  und 
Kohlenhydratwechsel.  War  der  Bedarf  an  Mineralstoffen  immer 
geniigend,  dann  wiirden  keine  Anomalien  im  Mineralstoffwechsel 
entstehen,  deren  es  so  zahlreich  verschiedene  und  auch  wohl  schwere 
gibt." 

Diese  Ansicht  ist  von  der  experimentellen  kritischen  Forschung 
einwandfrei  bestatigt  worden.  Wie  gewisse  Falle  von  Stoffwech- 
selanomalien  auf  Quantitatsstorungen  der  anorganischen  Zufuhr 
zuriickzufiihren  sind,  so  gibt  es  auch  wieder  andere,  die  als  Folgen 
von  Resorptions-  und  Assimilationsstorungen  angesprochen  werden 
miissen. 

Zu  den  wichtigsten  mineralischen  Nahrungsstoffen  gehort  der  Kalk ; 
an  Phosphorsaure  und  Kohlensaure  und  CI  gebunden,  bildet  er  den 
wesentlichen  Bestandteil  der  Knochen  und  des  Skelettes,  deren  Solidi- 
fikation  er  bewirkt ;  ebenso  begegnen  wir  ihm  in  alien  iibrigen  Organen 
und  Geweben,  wenn  auch  nur  in  geringeren  Prozentsatzen.  Die  Ein- 
wirkung des  mit  der  Nahrung  aufgenommenen  Kalkes  geschieht 
aber  nicht  direkt  auf  den  Knochen,  sondern  der  Kalk  bildet  ein 
Nahr-  und  Eeizmittel  fiir  das  Periost,  das  nun  seinerseits  bei  normaler 
Funktion  die  Knochenentwickelung  ermoglicht.  Auch  bei  der  Blut- 
bildung  und  fiir  die  Gerinnung  des  Blutes  und  des  Plasmas  spielen 
die  Kalksalze  eine  beachtenswerte  Rolle;  auch  als  Schutzmittel 
gegeniiber  Gewebsreizen  treffen  wir  den  Kalk  an:  als  Kalkab- 
sonderungen,   wie   ^.    B.   verkalkte   Tuberkelknoten,   Ablagerungen 
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in  entzundeten  Lymphdriisen ;  in  der  Wandung  alter  Abscesse, 
schliesslich  auch  als  die  Kalkkapseln  der  Trichinen  in  der  Muskulatur. 

Nach  Bunge  ist  Kalk  neben  Eisen  derjenige  Miner albestandteil, 
dessen  Mangel  in  der  Nahrung  analytisch  am  meisten  nachgewiesen 
ist;  denn  ausser  der  Kuhmilch  sind  die  meisten  Nalirungsmittel 
kalkarm.  Besonders  hoch  ist  das  Kalbedtirfnis  schwangerer  und 
stillender  Frauen,  da  der  Saugling  mehr  Ca  braucht,  als  die  Frau 
zumeist  hergeben  kann ;  das  Skelettgewebe  des  Neugeborenen  ist  zum 
grossen  Teil  knorplich  angelegt,  enthalt  also  fast  keine  Kalksalze; 
was  sich  aber  in  der  Sauglingsperiode  bildet,  ist  Knochengewebe,  dag 
nicht  nur  den  Zuwachs  des  Skeletts  zu  leisten,  sondern  auch  den 
Knorpel  der  Fotalzeit  zu  substituieren  hat. 

Bei  pathologischen  Zustanden,  besonders  bei  denen  chronischer 
Unterernahrung  zeigt  sich  eine  erhohte  Kalkausscheidung  im  Harn, 
wie  andererseits  eine  erhohte  Kalkretention  bei  der  Arteriosclerose 
beobachtet  wird ;  die  Annahme,  dass  als  pathogenetische  Ursache  ein 
Mangel  der  zur  Bindung,  resp.  Losung  des  Kalkes  notwendigen 
Miner  alien  vorliegt,  diirfte  eine  gewisse  Berechtigimg  haben. 

Auch  in  der  vielumstrittenen  Rhachitisfrage  ist  man  zu  dem  Re- 
sultat  gekommen :  Die  auslosende  Ursache  des  Rhachitis  liegt  in  einer 
Stoning  des  Kalkstoffwechsels,  durch  die  eine  erhohte  Exkretion  van 
Kalksalzen  in  den  Darm  stattfindet.  Die  rhachitischen  Skelettveran- 
denmgen  sind  Folgeerscheinungen  dieser  allgemeinen  Stoffwechsel- 
storung,  dadurch  entstanden,  dass  bei  gesteigerter  Resorption,  be- 
sonders des  mineralischen  Anteils  des  Knochengewebes,  eine  qualita- 
tiv  oft  auch  quantitativ  unzureichende  Opposition  stattfindet.  Dass 
das  Skelettsystem  rhachitischer  Kinder  weniger  Kalksalze  enthalt 
als  das  gesunder,  ist  notorisch. 

Aehnlich  liegen  die  Verhaltnisse  bei  der  Osteomalacic,  die  von  den 
meisten  Forschern  als  Stoffwechselerkrankung  aufgefasst  wird;  sei 
es  infolge  Kalkarmut  der  Nahrung,  durch  mangelhafte  ResorptioD 
des  Kalkgehaltes  der  Nahrung  durch  verringerte  Alkalescenz  des 
Blutes  infolge  Aufnahme  von  Milchsaure  etc.  ins  Blut,  die  man  im 
Harn  und  in  den  Knochen  Osteomalacischer  antraf  oder  endlich  in- 
folge von  Phosphorsaureanomalien.  Dass  der  Kalkumsatz  auch  fiir 
das  Nervensystem  eine  wesentliche  Bedeutung  hat,  erhellt  aus  dem 
Ca-Gehalt  der  Grosshirnrinde,  deren  Reizbarkeit  sich  erhoht  bei 
Verminderung  der  Kalkmenge. 

Im  engen  Zusammenhang  mit  dem  Kalk  steht  im  Organismus  das 
Magnesium ;  in  keinem  tierischen  oder  menschlichen  Organe  wird  es 
ganz  vermisst;  dennoch  ist  sein  Vorkommen  nur  gering  (z.  B.  gegen- 
iiber  dem  Kalk  wie  1:  9)  aber  kaum  weniger  wichtig  als  chemisches 
Bindemittel.  Magnesium  findet  sich  reichlich  in  der  quergestreiften 
Muskulatur  und  besonders  in  der  grauen  Substanz  von  Gehirn  und 
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Riickenmark;  es  scheint  besondere  Beziehungen  zu  den  Nukleinen  zu 
besitzen,  denn  es  findet  sich  auch  reichlich  im  Sperma;  als  inte- 
grierender  Bestandteil  zeigt  es  sich  ferner  im  Blut  und  in  der 
Lymphe. 

Die  Resorption  des  Magnesiums  erfolgt  im  Diinndarm,  seine  As- 
scheidung  zum  grossten  Teil  durch  den  Harn,  teils  auf  intermediarem 
Wege  durch  den  Dickdarm.  Bei  dem  erheblichen  Einfluss,  den  das 
Magnesium  auf  das  Zelleben  hat,  ist  es  als  ein  fiir  den  Organismus 
unumganglich  notwendiges,  nicht  zu  entbehrendes  Mineral  anzu- 
sprechen. 

Dass  der  Schwefel  ein  notwendiger  Bestandteil  der  Nahrung  ist, 
gilt  besonders  den  Tieriirzten  als  bekannte  Tatsache;  denn  Tiere, 
welche  nicht  genugend  Schwefel  in  der  Nahrung  erhalten,  verlieren 
die  Haare.  Der  Schwefelumsatz  des  menschlichen  Korpers  ist  kein 
geringer;  im  Tage  durchschnittlich  2.5  g  Schwefelsaure.  In  be- 
sonders inniger  Verbindung  sehen  wir  den  Schwefel  mit  dem  Eiweiss- 
molekul:  Kein  Eiweiss  ohne  Schwefel,  also  auch  keine  Zelle,  kein 
Gewebe,  kein  Organ  ohne  Schwefel;  reich  an  Schwefel  sind  nament- 
lich  die  Epithelialgebilde :  Fiir  sie  ist  der  Schwefel  so  typisch  wie  der 
Kalk  fiir  die  Knochen.  Welche  eminente  Bedeutung  den  Schwefel 
zuzumessen  ist,  geht  aus  seinem  stiindigen  Vorkommen  im  Proto- 
plasma  hervor;  wie  er  in  seiner  noch  so  geringfugigen  Menge  unent- 
behrlich  ist  fiir  die  vitalen  Funktionen  im  Eiweiss,  in  der  Zelle,  so 
miissen  auch  geringfugige  Schwefel-Bilanzstorungen  im  Eiweiss- 
molekiil  schwere  Konsequenzen  nach  sich  ziehen.  Die  Wichtigkeit 
der  Gegenwart  schwefelsaurer  Salze  im  Blute  fiir  die  normale  Ver- 
dauung,  fiir  Galle  und  Leber  ist  bekannt  (Taurocholsaures  Natron). 
Die  Ausscheidung  des  Schwefels  als  Schwefelsaure  durch  Harn  und 
Kot,  sowie  durch  Zuwachs  der  Nagel  und  Haare,  erfordert  eine  Er- 
giinzung  an  Schwefel,  die  etwa  einer  Menge  von  3.5  g  Schwefelsaure 
entspricht  (Hammarsten).  Besonders  bei  jugendlichen  Individuen 
ist  der  Schwefel-Umsatz  ein  relativ  hoherer,  also  auch  das  Bediirfnis 
nach  schwefelhaltiger  Nahrung  grosser. 

Das  Eisen,  das  in  einer  Menge  von  etwa  4  g  im  Organismus  vor- 
handen  ist,  spielt  als  Sauerstofl'trager  in  der  Zusammensetzung  des 
Blutes  eine  wichtige  Rolle;  es  ist  besonders  deswegen  von  holier 
physiologischer  Bedeutung,  nicht  nur  weil  es  an  dem  Aufbau  des 
Hamoglobins  beteiligt  ist,  sonclern  auch  wegen  seines  allgemeinen 
Einflusses  auf  die  Ernahrungsvorgange  in  den  Geweben  aller  Or- 
ganismen;  findet  es  sich  doch  sogar  in  der  blutlosen  Cornea;  mit 
Recht  kommt  ihm  die  Bedeutung  eines  Nahrstoffes  zu. 

In  seiner  Eigenschaft  als  Sauerstofftrager  entfaltet  das  Eisen 
oxydatische  Krafte,  d.  h.,  es  wirkt  wie  ein  Katalysator,  oxydierend. 
ohne  aber  selbst  oxydiert  zu  werden.    Wenn  auch  die  Wirkung  des 
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Eisens  als  hiimoglobinbildende  ausser  allem  Zweifel  stent,  so  ist 
doch  die  Art  seiner  Resorption  noch  immer  nicht  sicher  festgestellt. 
Abderhalden  konnte  in  kleinen  Dosen  eingefuhrtes  anorganisches 
Eisen  in  der  Darmwand  und  in  den  I/vmphwegen  nachweisen.  Nach 
den  zurzeit  geltenden  Anschauungen  iiber  den  intermediaren  Stoff- 
wechsel  des  Eisens  gelangt  es  auf  dem  Wege  des  Pfortaderkreis- 
laufes,  Leber  und  Galle,  in  den  Darm. 

Von  grosster  Bedeutung  sowohl  ftir  den  wachsenden  Organismus, 
als  fur  den  erwachsenen  ist  der  Phosphor ;  an  alkalische  Erden  gebun- 
den,  nimmt  er  lebhaften  Anteil  am  Aufbau  des  Skelettes  und  ist  in 
dieser  Form  meist  auch  in  den  ubrigen  Geweben  enthalten.  Ohne 
Phosphor  ist  Nervengewebe  irgend  welcher  Art  undenkbar;  in  ihm 
ist  er  als  Glycerinphosphorsaure  vorhanden,  im  Knochengewebe  als 
phosphorsaurer  Kalk;  in  beiden  Fallen  spielt  er  die  Rolle  des  Bau- 
materials.  Welchen  Anteil  er  am  Aufbau  des  Gewebes  hat,  geht 
daraus  hervor,  dass  ein  Saugling  im  ersten  Lebensjahre  etwa 
50-60  g  Phosphor  ansetzt.  In  organischer  Bindung  kommt  er  vor 
in  den  Proteiden,  dem  Nuclein  und  Lecithin  und  in  den  sogenannten 
Phosphatiden ;  besonders  auch  in  den  drusigen  Organen:  in  Leber, 
Milz,  Thymus.  Durch  die  Phosphorstoffwechseluntersuchungen 
wissen  wir,  dass  der  Korper  ganz  besonders  energisch  den  Phosphor 
zuriickbehalt ;  jede  Storung  in  den  quantitativen  Verhaltnissen  des 
Phosphors  muss,  bei  seiner  Wichtigkeit  fur  die  Zellarbeit,  von  ein- 
schneidender  Bedeutung  fiir  die  Existenzfahigkeit  der  Zelle  sein. 

Natrium  besonders  in  seiner  Form  als  Chlornatrium  bildet  fast 
die  Halfte  aller  im  Blutserum  gelosten  Salze ;  es  ist  also  begreiflich, 
dass  der  Verlust  dieser  Salze  im  Organismus  nicht  ohne  Riickschlage 
fur  die  Gesundheit  stattfinden  kann.  Eine  der  wesentlichsten  Leis- 
tungen  des  Natriums  in  unserem  Korper  liegt  in  seiner  Bindung  der 
uberschiissigen  Sauren;  er  ist  ein  Regulator  unserer  Lebenstatigkeit. 
Die  drusigen  Organe  bediirfen  zu  ihrer  normalen  Funktion  eben- 
falls  eines  gewissen  Natrongehaltes,  der  ihre  sekretorische  Tatigkeit 
beeinflusst;  so  wirkt  Natrium-Chlorid-Zufuhr  anregend  auf  die 
Magensaftsekretion,  die  Salzsaureabscheidung.  Der  Kochsalzgehalt 
des  Blutes  bleibt  meist  ein  konstanter,  denn  durch  zeitweise  Retention 
des  Natrium-Chlorid  wahrt  der  Korper  die  Isotonie  des  Blutes. 

Hauptsachlich  finden  wir  das  Kalium  in  den  Formelementen  jeg- 
lieher  Art,  den  Zellen;  als  Kaliumphosphat  bildet  es  den  Hauptteil 
der  Mineralien  der  roten  Blutkorperchen  und  des  Muskelfleisches, 
des  Organeiweisses.  Ebenso  wie  das  Natrium  wirkt  auch  das  Kalium 
als  Saureregulator  im  Blute  und  in  den  Saften;  weiterhin  stellen  die 
Alkalien  Transportmittel  der  Kohlensaure  im  Blute  dar  und  wirken 
als  Losungs-Mittel  vieler  Eiweisskorper  in  den  Gewebssaf ten ;  gerade 
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auf  ihrer   wasserentziehenden   Wirkung   beruht   ihre   antiseptische, 
konservierende  Eigenschaft. 

Die  Kieselsaure,  deren  Bedeutung  fiir  den  Gewebeaufbau  lange 
Zeit  unterschatzt  wurde,  findet  sich  namentlich  im  Bindegewebe,  nach 
einigen  Autoren  (H.  Schulz)  auch  in  hohem  Masse  im  embryonalen 
Bindegewebe  des  Nabelstranges,  ferner  im  Epithelialgewebe  und  in 
der  Linse;  nach  Kunkel  auch  stets  im  Pankreas;  besonders  hoch  ist 
der  Gehalt  der  Kieselsaure  in  den  Haaren,  hier  betriigt  er  40  Prozent. 

Das  Fluor  nimmt  Teil  an  der  Bildung  der  Knochen  und  Zahne  als 
Fluorkalcium ;  auch  im  Blut  und  in  der  Milch  ist  es  vorhanden.  Der 
Fluorgehalt  in  den  genannten  Organen  ist  zwar  minimal  (fiir 
Knochen  und  Ziihne  etwa  0.05  bis  0.10  Prozent)  aber  es  hat  innerhalb 
seiner  Wirkungssphare  seine  bestimmte  physiologische  Bedeutung. 

Das  Mangan  steht  dem  Eisen  chemisch  sehr  nahe,  ist  aber  bisher 
im  menschlichen  Organismus  nur  in  sehr  geringen  Mengen  nachge- 
wiesen  worden;  doch  nimmt  man  wohl  mit  Becht  an,  dass  es  an  der 
Arbeit  der  blutbereitenden  Organe  teilnimmt. 

Wie  sich  der  Physiologe  die  roten  Blutkorperchen  ohne  Eisen,  das 
Knochengeriist  ohne  Kalk,  das  Nervengewebe  ohne  Phosphor  nicht 
zu  denken  vermag,  so  weiss  er  auch,  dass  quantitativ  Veranderungen 
der  Minerale  und  ihrer  Verbindungen  entsprechende  Storungen  in 
der  Lebensstatigkeit  der  Zellen  und  Zellgruppen  hervorrufen  miissen. 
Unsere  Organe  empfinden  jede  quantitative  Veranderung  ihrer 
Bestandteile  als  Beize  und  sie  antworten  darauf  je  nach  dem.  Masse 
der  Beizintensitat  durch  Veranderungen  in  ihrer  Tatigkeit.  Diese 
Erscheinungen,  sowie  die  mannigfache  Art  der  Beizreaktionen  sind 
Ihnen  aus  der  Praxis  so  sehr  gelaufig,  dass  es  hier  nur  dieses  Hin- 
weises  bedarf.  Wichtig  ist  ja  lediglich,  dass  ein  Mangel  an  minera- 
lischen  Verbindungen  stets  auch  eine  Stoning  im  Ablauf  der  Lebens- 
tatigkeit  der  Gewebe  und  Organe  im  Gefolge  hat. 

Wir  miissen  deshalb  auch  die  Mineralstoffe  als  Nahrungsmittel 
anerkennen  und  es  geht  nicht  an,  sie  mit  Voit  und  Bunge  als  Genuss- 
mittel  anzusehen,  die  zur  Erhaltung  des  Lebens  zwar  wertvoll  sein 
konnen,  dem  Organismus  aber  keine  Kriifte  zufuhren,  wie  die 
Eiweisskorper,  Fette  und  Kohlehydrate.  Unbedenklich  diirfen  wir 
sie  mit  Forster  und  Hensel  als  wirkliche  Nahrsalze  betrachten,  denn 
sie  sind  als  Zell-  und  Gewebsbildner  unentbehrliche  Nahrungs- 
bestandteile,  deren  geringer  Bedarf  ihre  Wichtigkeit  durchaus  nicht 
zu  vermindern  vermag. 

'Indessen  sind  sie  noch  weit  mehr,  sie  sind  zugleich  kraftvolle 
Energietrager,  deren  Wirken  im  Organismus  dank  der  van  t'  Hoff- 
schen  "  Theorie  der  Losungen  "  messbar  ist. 

Wiihrend  die  Energie  der  Eiweisstoffe,  Fette  und  Kohlehydrate, 
nach   Kalorien   bemessen,   in   Warme   umgesetzt   wird,   kommt    die 
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Energie  der  Salzlosungen  in  Druck  und  Bewegungserscheinungen 
zur  Geltung  und  kann  in  Atmospharendruck  angegeben  werden.  Die 
Gesetzmiissigkeit  der  durch  den  osmotischen  Druck  der  Salzlosungen 
im  Organismus  veranlassten  Bewegungschwankungen  lasst  uns  die 
Bedeutung  der  Salze  in  noch  hellerem  Lichte  erscheinen. 

Schichten  wir  auf  eine  Salzlosung  reines  Wasser,  so  finden  wir  sehr 
bald  im  ganzen  Gefass  eine  Salzlosung  von  gleicher  Konzentration. 
Die  Salzteilchen  aus  der  Losung  sind  nach  oben  in  das  Wasser 
abgewandert.  Diese  Bewegungsserscheinung — Diffusion  genannt — 
tritt  in  veranderter  Form  auf,  wenn  wir  Salzlosung  und  Wasser 
durch  eine  halbdurchlassige  Wand  trennen.  Sofern  diese  Wand 
wohl  fiir  das  Wasser,  nicht  aber  auch  fur  das  Salz  durchlassig  ist, 
werden  die  Salzmolekiile,  die  das  Bestreben  haben,  aus  der  Losung 
ins  Wasser  zu  wandern,  auf  die  trennende  Wand  einen  Druck  aus- 
iiben,  den  man  als  osmotischen  Druck  der  Losung  bezeichnet. 

Nach  den  Gasgesetzen,  die  nach  van  t'  Hoff's  Theorie  Geltung 
haben  fiir  den  osmotischen  Druck,  lasst  sich  dieser  berechnen  und  wir 
wissen,  dass  eine  1/10  prozentige  Kochsalzlosung  einen  etwa  hun- 
dertmal  so  starken  Druck  hat,  wie  eine  gleiche  Eiweisslosung. 
Daraus  ergibt  sich,  dass  fast  der  gesamte  osmotische  Druck  einer 
Nahrung  den  in  derselben  enthaltenen  Salzen  zugeschrieben  werden 
darf. 

Die  einschlagige  Literatur  gibt  weiter  dariiber  Aufschluss,  dass 
die  gleichen  Energiemengen  verschiedener  Salzlosungen  in  sehr 
verschiedener  Weise  in  Wirksamkeit  treten  konnen.  Wie  bereits 
angecleutet,  kann  die  den  Salzen  innewohnende  Energie  so  wohl  in 
Bewegungs-  wie  auch  in  Druckerscheinungen  sich  aussern.  Dariiber 
entscheidet  die  Durchlassigkeit  der  trennenden  Wand,  die  in  den 
korperlichen  Organen  eine  sehr  verschiedene  ist. 

Sind  in  einer  Losung  verschiedene  Salze  vorhanden,  so  wird  bei 
der  verschidenartigen  Durchlassigkeit  der  einzelnen  Gewebswande 
der  osmotische  Druck  sich  an  verschiedenen  Stellen  auch  verschieden- 
artig  aussern;  anders  im  Magen,  anders  auch  in  den  einzelnen 
Partien  des  Darmtraktus.  Aber  es  kommen  nicht  nur  die  Partial- 
clrucke  der  einzelnen  Salze  in  Frage,  sondern  auch  der  Partialdruck 
der  Dissociationsprodukte  der  Salze,  der  freien  Ionen. 

Diese  Erscheinungen  geben  eine  Erklarung  der  Tiitigkeit  der  Salz- 
verbindungen,  sie  erweisen  aber  zugleich  auch  die  Unentbehrlichkeit 
jener  Verbindungen  fiir  den  Verdauungsvorgang.  Es  lasst  sich 
vf  r-tehen,  dass  der  Salzhungertod  bei  den  Forster'schen  Versuchs- 
tieren  ebenso  wie  bei  den  spateren  Experimentierobjekten  nicht  nur 
(lurch  Mangel  an  Aufbau-  und  Neubildungsmaterial  der  Gewebe 
eingetreten  sein  muss,  sondern  zugleich  auch  mangels  der  notwen- 
digen  Druck-  und  Bewegungsvorglinge. 
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Indessen  ist  die  Wirkung  der  Salze  und  ihrer  Verbindungen  auch 
damit  noch  nicht  beendet.  Sie  wirken,  wie  die  neuere  Biologie  lehrt. 
in  gelostem  Zustande  auch  zugleich  als  Elektrolyten. 

Dass  elektrochemische  Vorgange  in  der  Biologie  eine  wesentliche 
Itolle  spielen,  ist  bekannt.  Hier  haben  die  Forschungen  von  Loeb, 
Hamburger,  Koranyi,  Koppe,  Pauli  und  Anderen  bereits  grossc 
Klarheit  geschaffen.  Es  wiirde  zu  weit  fiihren,  wollte  ich  auf  die 
reichhaltige  Literatur  auch  nur  andeutend  eingehen.  Prof.  Ost- 
\\  aid  hat  das  in  iibersichtlicher  und  instruktiver  Weise  besonders  in 
seinem  "  Grundriss  der  Allgemeinen  Chemie  " 7  getan.  Neuerdings 
ist  der  Lehre  vom  elektrochemischen  Betrieb  der  Organismen  und 
dem  elektrolytischen  Kreislauf  in  Georg  Hirth  ein  energischer  Ver- 
fechter  entstanden  und  es  mehren  sich  die  Stimmen,  die  seine  Be- 
griindung  acceptieren.  Seine  Ausfuhrungen  8  gipfeln  in  dem  Leit- 
satze,  dass  die  Dynamik  im  organischen  Betriebe  nicht  nur  durch 
das  Zusammenwirken  der  chemischen  mit  physikalischen  Krafteu 
ermoglicht  wird,  sondern  dass  diese  letzteren  wesentlich  elektroly- 
tische  sind.  Mit  (iberzeugender  Scharfe  begriindet  er  seine  Aus- 
fuhrungen, wonach  die  Losung  der  Salze  im  Blute  nicht  der 
Endzweck,  sondern  nur  die  Vorbedingung  fur  die  Erreichung  des 
Hauptzweckes  ist:  als  wirklicher  Elektrolyt  in  die  Nervenzellen  und 
Leitungsbahnen  uberzutreten.  Der  Nachweis  ist — wie  bereits 
betont — nicht  neu,  auch  Rosenbach  hat  ihn  bereits  gefuhrt.  Aber 
Hirth  zeigt  auch  die  Unentbehrlichkeit  eines  optimalen  elektroly- 
tischen Kreislauf  es  fur  alle  Organe,  um  sie  vor  Storungen  ihres  Be- 
triebes  zu  bewahren.  Die  Salze  gewinnen  unter  diesem  Gesichts- 
punkt  eine  geradezu  souverane  Bedeutung  fur  die  prophylaktische 
Hygiene  ebenso  wie  fiir  die  Therapie  und  es  ist  die  Tatsache  nicht 
uninteressant,  dass  neuerdings  in  den  Kriegsministerien  verschiedener 
Staaten  die  Frage  der  Salzversorgung  (Kochsalz  mit  minimalen 
Zusatzen  von  Kalzium  und  Kalium)  des  manovrierenden  und 
marschierenden  Militars  zur  Yermeidung  des  Sonnenstichs  und  der 
Brechruhr  angeregt  worden  ist.  Auch  der  Pharmakologe  Hugo 
Schulz-9  Greifswald  hat  auf  die  vielseitige  therapeutische  Wirkung 
unorganischer  Verbindungen  seit  Jahren  hinge wiesen. 

Wir  werden  es  nach  diesen  Darlegungen  verstehen  konnen,  wenn 
Albu  und  Neuberg10  das  gesamte  Wissen  der  Gegenwart  iiber  die 
physiologische  Bedeutung  der  Salze  im  Organismus  clahin  zusammen- 
fassen,  dass  sie — 

(1)  Zell-  und  Gewebsbildner  und  am  Aufbau,  Wachstum  und  an 
der  Neubildung  der  Gewebe  des  Organismus  beteiligt  sind. 

(2)  Die  osmotische  Spannung  in  den  Zellen  und  Geweben,  im  Blut 
und  Saften  vermitteln  und  Energietrager  sind. 
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(3)  Die  Keaktion  des  Blutes  und  der  Gewebssafte,  sowie  den  Ab- 
lauf  vieler  Fermentwirkungen,  besonders  im  Verdauungskanal  regu- 
lieren. 

(4)  Als  "  Katalysatoren "  fiir  eine  Reihe  chemischer  Vorgange 
wirken. 

(5)  Vermittler  der  im  lebenden  Protoplasma  ununterbrochen  ab- 
laufenden  autochthonen  Vergif kings-  und  Entgifumgsprozesse  sind. 

(6)  Richtung  gebend  in  die  Zersetzung  und  Assimilation  der  or- 
ganischen  Substanzen  eingreifen,  somit  tatsachlich,  wie  dies  Hensel 
vor  Jahrzehnten  bereits  erkannte,  von  geradezu  lebenswichtiger  Be- 
deutung  sind.  Hire  Zufuhrung  darf  daher  in  keiner  Entwickelungs- 
phase  eine  Unterbrechung  erleiden.  Sie  bilden  neben  Licht  und 
Luft  den  wichtigsten  Lebenserhalter  und  niemand  wird  der  Dreiheit 
Sonne-Sauerstoff-Salze  den  ersten  Platz  in  der  Hygiene  und  Thera- 
pie  streitig  machen  diirfen. 

Der  Einwand  nun,  dass  durch  die  iibliche  Nahrungsaufnahme  das 
Salzbedlirfnis  in  jedem  Falle  hinreichend  gedeckt  werde,  wird  durch 
die  Erfahrung  widerlegt.  Bei  vorwiegend  vegetabilischer  Ernah- 
rung  tritt  das  Salzbedlirfnis  besonders  stark  hervor,  wie  der  Salz- 
hunger  aller  Pflanzenfresser  beweist.  Es  sei  nur  an  die  Salzlecke  der 
Rinder  und  Pfercle  und  an  die  Wanderungen  wildlebender  Tiere  zu 
Salzquellen  im  Wasser  und  Gestein  erinnert.  Fiir  weite  Volkskreise 
aber  bildet  das  salzreiche  Fleisch  nur  eine  oft  recht  seltene  Zuspeise, 
salzarme  Vegetabilien  die  Hauptnahrung. 

1st  es  nun  auch  noch  erwiesen,  dass  unsere  Feld-  und  Garten- 
frii elite  infolge  der  Mineralsalzarmut  des  durch  tausendjahrige 
Kullur  ausgelaugten  Bodens  armer  an  Nahrsalzen  sind  als  Friichte, 
die  jungfraulichem  Bod  en  entstammen — und  diese  Tatsache  wird 
von  autoritativer  Seite  zugestanden — so  wird  die  Widerstandsun- 
fahigkeit  und  Lebensschwache  weiter  Volkskreise  erklarlich,  die 
ungeachtet  reichlicher  Eiweiss-,  Fett-  und  Kohlehydrateaufnahme 
an  sogenannter  Unterernahrung  leiden.  Die  logische  Konsequenz 
dieser  Erkenntnis  ist  systematische  Zufuhrung  der  fehlenden  Salz- 
verbindungen.  Kochsalz  allein  kann  auf  die  Dauer  unmoglich 
geniigen,  wenn  auch  dem  Chlornatrium  die  erste  Stellung  unter  den 
Salzen  zuerkannt  werden  muss. 

Aufgabe  der  wissenschaftlichen  Forschung  wird  es  sein,  das  Ver- 
haltnis  der  iibrigen  Salzverbindungen  fiir  die  rationelle  Ernahrung 
der  verschiedenen  Lebensalter  unter  Benicksichtigung  der  sonstigen 
Lebensverhiiltnisse  festzustellen,  wie  dies  Julius  Hensel  schon  friiher 
mit  nicht  zu  leugnendem  Erfolge  versucht  hat.  Immerhin  bietet 
Bich  hier  der  exakten  wissenschaftlichen  Forschung  noch  ein  weites 
Feld.  In  der  Hygiene  werden  wir  auf  den  Zusatz  fehlender  Salzver- 
bindungen zu  den  Nahrungsmitteln  nicht  verzichten  konnen  und  eine 
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Erweiterung  der  diatetischen  Therapie  im  Sinne  einer  entsprechend 
dosierten  Nahrsalzzufuhr  bei  verschiedenen  pathologischen  Zu- 
standen,  die  sich  den  bisher  geiibten  therapeutischen  Massnahmen 
wenig  zugiinglich  erwiesen,  ergibt  sich  dann  von  selbst. 

1  Zeitschrift  fur  Biologie,  Bund  9,  1873. 
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FRIDAY  MORNING,  SEPTEMBER  27,  1912. 
DER  EINFLUSS  DEB,  BEWEGUNG  AUF  DAS  NERVENSYSTEM. 

Prof.  Dr.  Leon  Asher,  Professor  of  Physiology,  University  of  Bern,  Switzerland. 

Es  ist  das  Nervensystem,  welches  alle  unsere  Bewegungen  beherrscht, 
und  daher  liegt  der  Einfluss  des  Nervensystems  auf  die  Bewegungen 
klar  zu  Tage.  Schwieriger  liegen  die  Verhaltnisse,  wenn  es  sich 
darum  handelt,  umgekehrt  den  Einfluss  der  Bewegung  auf  das  Ner- 
vensystem  festzustellen.  Ja,  es  konnte  die  Frage  aufgeworfen  wer- 
den, ob  man  iiberhaupt  einen  solchen  Einfluss  als  einen  wirksamen 
Factor  ansehen  diirfe. 

Gliicklicherweise  giebt  es  ein  absolut  sicheres  Fundament,  von 
welchem  die  Betrachtung  dieses  Einflusses  ihren  Ausgang  nehmen 
kann  und  das  ist  eine  anatomische  Thatsache.  Die  willkiirlichen 
Muskeln,  "mit  denen  wir  unsere  Bewegungen  ausfuhren,  sind  reich- 
lich  mit  ISTerven  versehen,  welche  aus  den  hinteren  Wurzeln  stammen 
und  morphologisch  durchaus  als  sensible  oder  richtiger  centripetale 
Nervenfasern  bezeichnet  werden  miissen.  Wie  bekannt,  hat  sich 
Sherrington  grosse  Yerdienste  um  die  Aufklarung  der  sensiblen 
Innervation  der  Muskeln  erworben.  Nicht  weniger  sicher  als  diese 
anatomische  Thatsache  und  fur  unser  Problem  noch  bedeutsamer  ist 
der  Nachweis,  dass  diese  Fasern  sehr  wesentlich  an  der  Regulation 
der  Bewegungen  beteiligt  sind.  In  einer  grossen  Reihe  glanzender 
Untersuchungen  hat  Sherrington  gezeigt,  dass  durch  die  Bewegungen 
des  Muskels  die  in  ihm  liegenden  centripetalen  Nerven  gereizt  werden 
und  dass  die  hierdurch  enstehenden  Erregungen — Sherrington 
bezeichnet  sie  als  proprio  rezeptive — den  weiteren  Ablauf  einer 
andererseits  ausgelosten  Bewegung  massgebend  beeinflussen.  Den 
Arbeiten  Sherrington's  haben  sich  gute  Untersuchungen  von  Magnus 
angeschlossen,  welcher  gleichfalls  die  grosse  Bedeutung  der  aus 
Muskelnervenerregung  stammenden  Componente  fur  die  Bewegung 
demonstriren  konnte.  Gewissermassen  konnte  der  Ausfall  einer 
Bewegung,  z.  B.  ob  eine  Beugung  oder  Streckung  eintreten  wiirde, 
durch  eine  voraufgegangene  Bewegung,  die  das  betreffende  Glied  in 
eine  bestimmte  Lage  brachte,  geradezu  vorausgesagt  werden.  Der 
Beweis  dass  es  die  Buskelnerven  waren,  welche  den  Einfluss  ausiibten, 
wurde  dadurch  erbracht,  dass  die  Regulationen  wegfielen,  wenn 
640 
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vorher  die  vom  Muskel  stammenden  centripetalen  Nerven  in  ihrer 
Verbindung  mit  dem  Centralnervensystem  unterbrochen  worden 
waren.  Alle  diese  Versuche  betrelFen  zwar  nur  Riickeninarksreflexe; 
es  kann  aber  kaum  bezweifelt  werden,  dass  es  sich  hier  um  ein  fur 
das  ganze  Centralnervensystem  giiltiges  Phaenomen  handelt.  Dies 
um  so  weniger;  als  die  originellen  Forschungen  von  Uexkiill's,  an 
wirbellosen  Thieren  uns  dariiber  belehrt  haben,  das  ein  Prinzip  von 
allgemeiner  biologischer  Bedeutung  vorliegt.  Nach  ihm  ist,  bildlich 
gesprochen,  die  Muskulatur  im  Centralnervensystem  durch  einen 
Reprasentanten  vertreten  und  dieser  lveprasentant  sorgt  daf  iir,  dass 
die  Bewegungsimpulse,  welche  das  Centralnervensystem  aussendet, 
den  Bediirfnissen  der  peripheren  Muskulatur  entsprechen.  Oder, 
um  auf  dem  Boden  der  beobachtbaren  Thatsachen  zu  bleiben,  von 
Uexkiill  konnte  zeigen,  das  je  nach  dem  Zustand,  in  welchen  er  die 
periphere  Muskulatur  bra  elite  entweder  Erregung  oder  Hemmung 
dieses  Muskels  durch  Vermittlung  des  Zentralnervensystems  ent- 
stand.  Nun  ist  eine  derartige  Beziehung  nicht  anders  moglich,  als 
dadurch,  dass  sensible,  von  der  Muskulatur  ausgehende  Impulse  in 
den  Mechanismus  des  Zentralnervensystems  eingreifen.  Man  kann 
sich  hieruber  verschiedene  Bilder  machen. 

Alle  diese  Thatsachen,  welche  ich  nur  kurz  skizzieren  konnte, 
schaffen  eine  sichere  Grundlage  fur  die  Betrachtung  des  etwaigen 
Einflusses  der  Bewegung  auf  das  Nervensystem.  Die  Bewegungen, 
welche  wir  ausfiihren,  miissen,  dem  gesagten  zu  Folge,  die  Nerven 
unserer  Muckeln  reizen,  die  Entstehung  proprioreceptiver  Reize 
veranlassen  und  dem  Centralnervensystem  einen  Zustrom  von  Im- 
pulsen  verschaffen,  der  nicht  gleichgiiltig  sein  kann.  Denn  wo  Ein- 
richtungen  vorhanden  sind,  um  Erregungen  aufzunehmen,  ist  der 
Sinn  solcher  Einrichtungen  der,  einem  physiologischen  Bediirfnis 
des  Organismus  zu  geniigen.  Von  diesem  Standpunkt  aus  darf  man 
behaupten,  dass  die  Bewegung  physiologischer  Bedurfnisse  auch  die 
des  Centralnervensystems  erfiillt. 

Die  Analyse  des  Einflusses  der  Bewegung  auf  das  Centralnerven- 
system ist  vor  die  Aufgabe  gestellt,  von  dieser  Grundlage  ausgehend 
etwas  weiter  vorzudringen.  Die  gewohnliche  Annahme,  welche 
gemacht  wird,  ist  die,  dass  durch  Ausfuhrung  von  Bewegungen  das 
Centralnervensystem  geiibt  wird.  So  richtig  diese  Annahme  wohl 
ist,  sie  besagt  nicht  mehr  als  die  Wiederholung  einer  oft  gemachten 
Beobachtung.  Worin  diese  Uebung  besteht,  ist  eine  Frage,  welche 
sehr  verschiedentlich  und  eigentlich  nur  in  Gestalt  von  Hypothesen 
beantwortbar  ist.  Sehr  haufig  wird  die  Vorstellung  vertreten,  dass 
das  Centralnervensystem  durch  Wiederholung  von  Bewegungen  ver- 
anlasst  werde,  die  Impulse  zu  diesen  Bewegungen  in  zweckmassiger 

6G692— vol  2,  pt  1—13 41 


642      SECTION   H.    DIETETIC    HYGIENE:    HYGIENIC    PHYSIOLOGY. 

unci  quantitativ  mehr  oekonomischer  Weise  auszusenden.  Auch 
bedient  man  sich  des  Bildes,  dass  Innervationen,  welche  das  Central- 
nerYensystem  haufiger  aussendet,  die  Bahnen  im  Centralnervensys- 
tem  "  ausschleifen  "  helfen.  Alle  solche  Vorstellungen  beriicksich- 
tigen  nur  die  centrifugale  Seite  des  Geschehens.  Sicher  aber  ist  bei 
diesen  Uebungserscheinungen  das  Centralnervensystem  nicht  aus- 
schliesslich  autonom  dabei ;  sondern  die  peripheren  ihnen  zustromen- 
den  Einfliisse  spielen  eine  Rolle. 

Am  ehesten  wird  dies  an  passenden  Beispielen  klar.  Die  Gehbewe- 
gungen,  die  Ausfiihrung  feinerer  Fertigkeiten  wie  Nahen,  das  Spielen 
eines  musikalischen  Instrumentes  miissen  erlernt  werden.  Unsere 
Aufmerksamkeit  muss  im  Anfang  fast  jeder  Einzelheit  in  diesen 
Bewegungen  geschenkt  werden;  allmahlich  aber  mit  zunehmender 
Uebung  bedarf  es  keiner  Aufmerksamkeit  mehr  und  die  Bewegungen 
laufen  in  der  sicheren,  von  hoheren  psychischen  Zustanden  uncon- 
trollirter  Art  der  Eeflexe  ab.  Selbstverstandlich  sind  viele  Factoren 
am  Werke,  um  die  reflectorische  Sicherheit  gewollter  Bewegungen 
einzuiiben,  untern  anderen  fortwahrende  Eindriicke  unserer  Sinnes- 
organe,  je  nach  der  Sphahre,  innerhalb  welcher  sich  die  Bewegung 
abspielt.  Es  ist  nicht  meine  Aufgabe  auf  diese  Factoren  einzugehen. 
Zu  den  Factoren  gehoren  jedenfalls,  nach  den  Voraussetzungen, 
welche  ich  entwickelt  habe,  die  sensorischen  Impulse,  welche  wahrend 
der  Ausfiihrung  der  Bewegung  selbstentstehen.  Wenn  man  der 
Meinung  ist,  dass  die  vom  Centralnervensystem  ausgehenden  Erre- 
gungen  das  Centralnervensystem  so  verwenden  konnen,  dass  nach- 
folgende  Erregungen  leichter  ablaufen  und  "  abgeschliffene  "  Bahnen 
vorfinden,  dann  kann  nichts  der  Annahme  im  Wege  stehen,  dass  die 
genannten  "  proprioceptiven "  Einfliisse  das  Centralnervensystem 
functionell  formiren  helfen.  Bedenkt  man  wie  gross  der  Einfluss  der 
proprioceptiven  Reize  auf  die  reflectorischen  Bewegungen  ist,  so  wird 
man  nicht  umhin  konnen,  auch  ihr  Walten  in  den  gewollten  Bewe- 
gungen anzuerkennen.  Die  gewollten  Bewegungen  enthalten  in  den 
durch  sie  entstehenden  proprioceptiven  Reizen  eine  Componente, 
welche  fortwahrend  auf  das  Centralnervensystem  einzuwirken 
vermag  und  mithilft  desselbe  f iir  die  Bewegung  einzuiiben. 

Versuchsweise  mochte  ich  eine  etwas  in  das  Detail  gehende  Hypo- 
these  zur  Discussion  stellen,  welche  die  Art  und  Weise  betrifft,  wie  die 
Bewegung,  die  haufig  ausgefiihrte  Bewegung,  ihren  Einfluss  auf  das 
Centralnervensystem  geltend  macht.  Ich  glaube,  dass  wesentlich  der 
Angriffspunkt  im  Riickenmark,  jedenfalls  subcortical  liegt,  und  zwar 
auf  der  sensorischen  Seite.  Im  Riickenmark  oder  subcortical  diirfte 
er  deshalb  liegen,  weil  eben  eingeiibte  Bewegungen  ohne  Beteiligung 
des  hoheren  Sensoriums  zu  Stande  kommen.  Alle  Geschicklichkeit 
unsrer    Glieder    ist    ziemlich    der    intellectuellen    Sphare    entriickt. 
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Ferner  lehren  Erfahrungen  aus  der  Pathologie,  dass  gerade  Schadi- 
gungen  der  sensorischen  Gebiete  des  Ruckenmarks  zu  auffallenden 
Storungen  der  Motilitiit  fiihren,  in  viel  hoherem  Grade  als  ent- 
sprechende  Schadigungen  im  Grosshirn;  die  Tabes  dorsalis  mag  als 
Beispiel  dienen.  Umgekehrt  darf  geschlossen  werden,  dass  der 
Zi i stand  der  sensorischen  Zone  des  Ruckenmarks  die  motorische 
Leistungsfahigkeit  mit  bedingt.  Nach  dieser  Richtung  weisen  ja 
auch  die  Aufschliisse,  welche  wir  Verworn  und  seinem  Schiller  iiber 
den  Mechanismus  der  Strychnin vergiftnng  verdanken.  Je  mehr  wir 
Bewegungen  bestimmter  Art  ausfiihren,  urn  so  ofter  werden  die  sen- 
sorischen Apparate  des  Ruckenmarks  und  vielleicht  einige  hoheren 
subcorticalen  gleicher  Art  durch  proprioceptive  Reize  getroffen,  so 
dass  ein  dauernd  geanderter  Zustand  dieser  Apparate  entsteht.  Sie 
werden  gewissermassen  abgestimmt  auf  die  eingetibte  Bewegung. 
Geringere  Schwellenwerte  der  Reize  sind  fortan  nur  notig,  um  den 
Ablauf  der  Bewegung,  wenn  erst  der  Impuls  hierzu  gegeben  worden 
ist,  so  zu  gestalten,  wie  es  am  zweckmassigsten  ist. 

Der  naiven  Anschauung  der  Laien  nach  hat  die  Bewegung  man- 
nigfache  giinstige  Einfliisse  auf  das  Nervensystem.  Die  wissen- 
schaftliche  Betrachtung  darf  ohne  jede  falsche  Scheu  diese  naive 
Anschauung  als  einen  leitenden  Pfad  benutzen.  Das  Nervensys- 
tem,  welches  selbst  alle  Teile  unseres  Organismus  beherrscht  ist  durch 
eine  planvolle  Harmonie  mit  alien  Teilen  derartig  in  Wechselbezie- 
hung,  dass  es  auch  in  Abhangikeit  von  ihnen  steht.  Daher  kann 
es  nicht  Wunder  nehmen,  wenn  die  Bewegung,  welche  cinen  giinsti- 
gen  Einfluss  auf  den  Kreislauf,  auf  die  Atmung,  auf  die  Stoffwech- 
selprozesse  ausiibt,  mittelbar  dadurch  auch  das  Nervensystem  for- 
dert.  Dieser  Einfluss  darf  durchaus  nicht  unterdriickt  werden. 
Wenn  wegen  mangelnder  korperlicher  Betatigung  die  Atmung  eine 
flache  ist,  der  Kreislauf  in  den  ungiinstigen  gelegenen  Regionen  des 
Korpers  zu  Stagnationen  neigt,  die  Stoffwechselprozesse  der  Forde- 
rung  durch  den  machtigsten  Impuls,  der  korperlichen  Bewegung  er- 
mangeln,  so  entstehen  Stockungen  in  der  Elimination  von  Stoffwech- 
selproducten  aus  den  Geweben.  Kein  Gewebe  ist  aber  empfindlicher 
als  das  Nervengewebe  und  es  leidet  in  seinen  feineren  Functionen 
schon  zu  einer  Zeit,  wo  die  gewissenhaf teste  chemische  Untersuchung, 
die  griindlichste  arztliche  Beobachtung  keine  posifive  Angabe  zu 
Tage  fordert.  Es  ist  in  den  Lymphspalten,  wo  die  fiir  den  Organis- 
mus schadlicheren  Stoffwechselproducte  sich  anhaufen.  Nun  ist,  wie 
bekannt,  die  Triebkraft,  Avelche  die  Lymphe  aus  den  Geweben  ent- 
fernt  eine  recht  geringe;  die  Muskelbewegung  ist  die  bedeutsamste 
Hilfskraft ;  aus  manchen  Regionen  fliesst  die  Lymphe  uberhaupt  erst 
merklich  ab,  wenn  die  Muskeln  in  Aktion  treten.  Dieses  Moment 
spielt  eine  Rolle  unter  den  giinstigen  Einfliisse])  der  Muskelbewe- 
gung auf  das  Nervensystem. 
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Wahrend  die  bisher  betrachtete  Seite  der  Muskelbewegung  we- 
sentlich  dadurch  wirkt,  dass  sie  mechanisch  zur  Beseitigung  von 
Stoffwechselproducten  beitragt,  scheint  dieselbe  Muskelbewegung  an- 
dererseits  gerade  durch  Bildung  gewisser  Stoffwechselproducte  eine 
sehr  grosse  Bedeutung  fur  das  Wohlergehen  des  Nervensystems  zu 
besitzen  und  zwar  durch  ihre  Beziehung  zum  Schlaf.  Es  ware  miis- 
sig,  uber  den  Wert  des  Schlafes  fur  das  Nervensystem  Worte  zu 
verlieren.  Gerade  in  unserer  Zeit,  die  oft  recht  iibertriebene  Anforde- 
rungen  an  unser  Nervensystem  stellt,  schatzt  man  dieses  unentbehr- 
liche  Sicherheitsventil  nach  Gebiihr.  Es  ist  bekannt,  dass  eine  der 
haufigsten  Ursachen  der  Schlafiosigkeit  oder  des  ungeniigenden  (na- 
mentlich  in  Bezug  auf  Intensitat  ungeniigenden)  Schlafes  der  Man- 
gel an  korperlicher  Bewegung  ist.  Leider  ist  unsere  Kenntniss  des 
Schlafes  noch  recht  gering.  Die  Beziehungen  zwischen  Schlaf  und 
korperlicher  Bewegung  konnen  wir  uns  auf  Grund  all  unserer  bis 
jetzt  am  meisten  bewahrten  Anschaungen  kaum  anders  erklaren  als 
dadurch,  dass  die  innerhalb  physiologischer  Grenzen  sich  haltende 
korperliche  Bewegung  die  Bildung  von  Stoffwechselproducten  veran- 
lasst,  welche  das  Zustandekommen  des  wohlthuenden  Schlafes  for- 
dern  helfen. 

Ganz  beilaufig  sei  noch  der  Moglichkeit  gedacht,  dass  durch  die 
Muskelthatigkeit  Stoffwechselproducte,  die  ungiinstig  auf  das  Ner- 
vensystem  wirken,  in  energischere  Weise  als  ohne  diese  chemisch 
beseitigt  werden.  An  diese  Moglichkeit  zu  denken  regt  z.  B.  die 
Erfahrung  an,  welche  man  beim  Diabetes  mellitus  macht.  Durch 
Muskelthatigkeit  kommt  es  zu  einer  energischen  Verbrennung  des 
Zuckers  und  seiner  intermediaren  Abbauproducte,  welche  letztere 
schadliche  Wirkungen  auf  das  Nervensystem  entfalten. 

Grosses  Interesse  knupft  sich  an  die  Frage,  in  wie  weit  korperliche 
Bewegung  auf  geistige  Leistungen  von  Einfluss  sein  kann.  Un- 
zweifelhaft  giebt  es  gewisse  geistige  Bethatigungen,  die  eine  so  aus- 
serste  Concentrirung  der  Gedanken  verlangen,  dass  jede  Art  Ablen- 
kung  storend  empfunden  wird.  Die  korperliche  Bewegung  an  sich 
und  die  begleitenden  Nebenumstande  dabei  geben  geniigende  Gele- 
genheiten  zu  solcher  Ablenkung.  Der  Grad  der  Ablenkbarkeit  ist 
individuell  angesehen  verschieden  und  es  giebt  viele  Menschen, 
welche  bei  korperlicher  Bewegung  dasselbe  an  concentrierter  Gedan- 
kenarbeit  leisten,  was  andere  nur  bei  ungestorter  Stille  zu  thun  ver- 
mogen.  Es  giebt  aber  geistige  Leistungen,  und  nicht  gerade  die 
schlechtesten,  welchen  die  korperliche  Bewegung  darum  mindestens 
nicht  unzutraglich  ist,  ja  sogar  direct  forderlich.  Jedem  Gebildeten 
wircl  in  erster  Linie  die  Erinnerung  an  die  geschichtliche  Ueberlief er- 
ung  kommen,  dass  im  klassischen  Lande  der  angeregtesten  und  allge- 
meinsten  geistigen  Bethatigung,  in  Griechenland,  der  Unterricht  in 
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den  hochsten  Dingen  gern  bei  korperlicher  Bewegung  erteilt  wurde. 
Ein  so  geistreiches  und  scharf  beobachtendes  Volk  rnusste  wohl  gute 
Griinde  haben,  korperliche  Bewegung  und  geistige  Beschaftigung 
mit  einander  zu  verkniipfen.  Aus  einer  grossen  Iieihe  cultureller 
Bedinguugen  heraus  haben  wir  es  aufgegeben  dem  Beispiele  der 
Griechen  zu  folgen.  Und  doch  kann  derjenige,  welcher  aufmerksam 
die  Biographie  von  Miinnern  verfolgt,  deren  Leben  erfolgreich  der 
wissenschaftliehen  Bethtitigung,  gelegentliche,  sehr  beobachtungs- 
werte  Ausserungen  kennen  lernen,  welche  ein  helles  Licht  auf  die 
Beziehungen  zwischen  geistigen  Leistungen  und  der  Bewegung 
werfen.  Ich  denke  hierbei  beispielsweise  an  eine  iiusserst  characte- 
ristiche  Bemerkung  von  H.  von  Helmholtz,  welcher  bekannte,  dass 
ihm  oft  auf  Spaziergangen  urplotzlich  die  Einfalle  der  lange 
gesuchten  Losung  schwieriger  Probleme  gekommen  seien.  Solche 
Beispiele  aus  der  Werkstatte  geistig  thatiger  Menschen  liessen  sich 
wohl  viele  haufen.  Diirfen  wir  nicht  Belehrung  aus  der  auffallenden 
Thatsache  ziehen,  dass  Gegenden,  die  ohne  allzugrosse  Miihe  den 
Genuss  der  Natur  erlauben;  die  bevorzugten  Statten  sind,  denen 
schopferische  Kiinstler  entstammen  oder  in  denen  sie  sich  heimisch 
fuhlen?  Natiirlich  ist  das  asthetische  Moment  ein  schwerwiegender 
Factor  hierbei,  aber  der  Weg  zu  ihm  ist  die  korperliche,  miihelose 
Bewegung.  Ich  bin  der  Meinung,  dass  die  korperliche  Bewegung  in 
diesem  Sinne  eine  zwar  noch  nicht  naher  definirbare  aber  sicher 
vorhandene  Wirkung  auf  das  geistige  Geschehen,  demnach  auf  unser 
Nervensystem  hat.  Diese  Seite  unseres  Problemes  ist  der  ernsten 
Berucksichtigung  durch  die  Erzieher  unserer  Jugend  wert. 

Die  Sinnesorgane  sind  in  gewisser  Beziehung  dem  Nervensysteme 
zuzuzahlen  und  deshalb  sei  noch  auf  eine  mittelbare  Wirkung  der 
korperlichen  Bewegung  hingewiesen.  Unsere  Sinnesorgane  scharfen 
sich  durch  Uebung  und  verkiimmern  durch  mangelhaften  Gebrauch. 
Fiir  uns  kommen  wesentlich  Auge  und  Ohr  in  Betracht,  die  beiden 
Erzieher  des  menschlichen  Geistes.  Wohl  ist  manches  iibertrieben, 
was  von  der  feinen  Scharfe  des  Auges  und  des  Ohres  bei  Volkern 
behauptet  wird,  die  in  nicht  sesshafter  Kultur  ein  ungebundenes 
Leben  der  Freiheit  fuhren.  Man  wird  sich  aber  nicht  des  Eindrucks 
erwehren  konnen,  dass  der  Zwang  Jahre  lang  in  schlechter  Haltung 
auf  der  Schulbank  zu  sitzen,  ohne  Compensation  durch  haufige 
Bewegung  in  der  wirklich  freien  Natur,  eine  Versiindigung  an  der 
Leistungsfiihigkeit  unseres  Gesichtsinnes  bedeutet.  Von  selbst  sind 
demjenigen,  welcher  korperlicher  Bewegung  sich  erfreuen  kann, 
unzahlige  Gelegenheiten  geboten,  die  von  Nutzen  fiir  die  verfeinerte 
Uebung  unseres  Sehorganes  sind.  Weniger  offenbar  ist  der  Zusam- 
menhang  zwischen  Horvermogen  und  den  Leistungen  unseres  Ohres. 
Dem  Stadtbewohner  unserer  Tage  wird  eher  ein  zuviel  als  ein  zu- 
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wenig  an  Gerauschen  aller  Art  geboten,  so  dass  die  Gefahr  einer 
Abstumpfung  bedenklich  naher  riickt.  Die  korperliche  Bewegung 
als  solche  ist  hier  machtlos ;  nur  mittelbar,  wenn  sie  uns  die  ruhigere 
Natur  aufsuchen  lasst,  gewinnt  sie  Einfluss. 

Zum  Schluss  mochte  ich  darauf  hinweisen,  dass  der  Physiolog  und 
Hygieniker  keine  korperliche  Bewegung  derjenigen  an  Wert  gleich- 
stellen  kann,  welche  die  naturliche  ist.  In  unserer  Zeit  des  Sportes, 
dessen  emsiges  Betreiben  liberal  dort,  wo  er  gesund  ist,  wir  auf  das 
lebhafteste  begriissen,  erscheint  mir  eine  Erinnerung  hieran  nicht 
unangebracht,  Gleichmassige  Uebung  der  Gesamtkorpermuskulatur 
und  gleichmassige  Beanspruchung,  im  Zusammenhange  hiemit,  der 
grossen  Functionen  unseres  Korpers  gewahren  das  Gehen  und  alle 
Beschiiftigungen,  die  zu  nicht  iiberanstrengenden  Excursionen  veran- 
lassen,  sowie  das  Schwimmen.  Der  Sport  in  Ehren,  aber  die  physio- 
logischen  Leistungen  diirfen  nicht  in  das  Hintertreffen  gerathen. 


THE  INFLUENCE  OF  EXERCISE  ON  THE  HEART. 

R.  Tait  McKenzle,  B.  A.,  M.  D.,  Professor  of  Physical  Education,  University 

of  Pennsylvania,  Philadelphia. 

The  hour  has  arrived  for  a  complete  reconsideration  of  the  whole 
question  of  exercise  in  relation  to  the  heart. 

The  invention  of  new  instruments  of  precision,  the  compiling  of 
statistics  from  large  numbers  of  observations  on  the  blood  pressure, 
pulse  rate,  and  heart  sounds,  in  normal  young  people  at  rest  and 
under  exercise,  have  revealed  the  frequency  of  enlargements,  varia- 
tions, and  irregularities,  transient  or  functional  in  character  for  the 
most  part,  which  might  with  propriety  be  termed  variations  within 
the  normal  rather  than  evidences  of  a  pathological  state. 

Much  medical  opinion  must  of  necessity  be  founded  on  the  evidence 
of  single  or  occasional  cases,  or  even  on  that  last  refuge  of  the  in- 
definite, "  years  of  experience,"  which  takes  the  place  of  accurate 
observation  with  so  many  men,  and  in  consequence  many  a  child 
is  classed  as  diseased  or  defective  and  forbidden  the  exercise  and  play 
that  is  essential  to  its  physical  welfare,  both  present  and  future. 
James  Mackenzie  wisely  sa}rs,  "  I  have  seen  numbers  of  these  going 
tli rough  elaborate  methods  whom  I  would  have  sent  out  to  the  play 
fields." 

The  mere  presence  of  a  heart  murmur  has  been  considered  so  serious 
and  disabling  a  sympton  that  the  necessary  activity  of  many  young 
people  lias  been  harmfully  curtailed.  Its  importance  in  the  field  of 
cardiac  symptoms  has  been  grossly  exaggerated,  and  too  often  the 
more  grave  and  significant  signs  of  heart  weakness  have  been  put  too 
far  into  the  background. 
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As  the  result  of  a  conversation  with  Prof.  Wenckebach,  of  Strass- 
burg,  in  which  he  deplored  the  lack  of  accurate  information  as  to 
the  frequency  of  heart  murmurs  in  different  postures  of  the  body  and 
under  conditions  of  rest  and  exercise  in  the  normal  youth,  the  fol- 
lowing observations  were  taken  at  the  University  of  Pennsylvania 
on  the  incoming  class  of  students,  whose  ages  lay  between  17  and 
25  years.  In  common  with  all  well-regulated  schools  and  colleges  in 
America  this  university  requires  a  thorough  medical  examination 
from  all  its  students  before  beginning  the  course  in  physical  educa- 
tion, which  is  an  integral  part  of  their  college  work.  Out  of  the 
thousand  and  more  who  came  up  for  this  examination  in  October, 
only  those  were  chosen  who  presented  no  apparent  defect  during  the 
regular  medical  test.  These  selected  men  were  given  a  more  careful 
and  thorough  heart  examination,  and  when  any  doubt  was  felt  about 
the  presence  of  a  murmur,  two,  or  sometimes  three,  observers  made 
separate  examinations. 

The  selected  student  took  50  steps  of  stationary  running,  raising 
the  knees  high  at  each  step,  so  that  the  heart  was  brought  to  a  state 
of  great  activity.  He  then  lay  down  on  a  couch,  then  sat  on  a  chair, 
and  finally  stood  up,  the  stethoscope  being  applied  in  each  position. 
For  conducting  the  work  and  tabulating  the  results,  I  am  glad  to 
acknowledge  with  thanks  the  invaluable  assistance  of  Dr.  Ira  Ayer. 
The  report  includes  murmurs  only.  There  were  a  feAv  cases  of 
arhythmia  or  accented  aortic  or  pulmonary  second  sound  without 
murmurs,  but  these  have  not  been  included ;  nor  has  note  been  made 
of  any  general  conditions  like  anemia.  Such  cases  were  few,  and  the 
reporter  wished  to  confine  himself  within  the  limits  of  his  subject, 
viz,  the  frequency  with  which  murmurs  develop  upon  light  exercise 
in  individuals  in  whom  no  heart  lesion  is  known  to  exist. 

Murmurs  that  were  doubtful  have  been  included,  and  a  few  very 
faint  ones  that  were  evanescent  were  placed  in  that  category.  They 
have  been  classified  according  to  location  under  six  heads,  viz :  1, 
apex ;  2,  apex  and  base ;  3,  fourth  space  just  left  of  sternum ;  4,  pul- 
monic; 5,  aortic;  G,  aortic  and  pulmonic.  They  have  been  classified 
according  to  intensity  into  very  faint,  faint,  moderate,  and  loud. 
The  quality  was  in  almost  every  case  soft  and  blowing  or  puffing, 
although  in  a  few  cases  the  tone  was  slightly  harsh. 

Murmurs  were  found  in  74  out  of  the  266  men  examined  (27.8  per 
cent)  ;  of  these  35  were  of  the  pure  pulmonic  systolic  type,  and  if 
we  include  those  in  which  it  occurs  in  combination  with  others  it  was 
present  in  64  cases,  only  10  men  out  of  74  failing  to  show  it. 

Murmurs  were  much  more  frequent  in  the  recumbent  position. 
When  they  were  audible  in  all  three  postures  they  were  accentuated 
when  the  patient  lay  down  and  as  the  pulse  became  slower  and 
stronger.    This  is  not  to  be  accounted  for  by  the  rotation  in  which 
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the  examinations  wece  made  because  the  order  was  changed  and  reex- 
aminations were  frequently  made  to  confirm  their  result.  The  fol- 
lowing is  the  table  of  results : 

Table  of  murmurs  found  in  apparently  normal  health  after  exercise  (50  steps, 

stationary  running) . 


[E= Evanescent,  B=  Observed  before 

exercise,  V=  Variable,  U=  Unclassified  in 

strength/ 

Very         F  .   . 
faint,     I    *amt- 

Moder- 
ate. 

Loud. 

Before. 

Unclassi- 
fied. 

Total. 

Apex: 

Lying 

1  E. 

1  B. 

1  B. 

Standing 

Sitting 

! 

Lying,  standing,  and  sitting. . 

1 

1 
1  E. 

1 

2 

7 

Apex  and  base: 

Lying 

1  B. 

Standing 

Sitting 

Lying,  standing,  and  sitting . . 

1 

2 

1 

3 
1 

8 

Fourth  space  left  of  sternoid: 
L  ving 

2 

3,1  E. 

1  V. 

Standing 

1 

Sittiag 

Lying,  standing,  and  sitting.. 

Pulmonic: 

Lying 

1 
1 

3 
3.1  E. 

2 

18 

4,1  E. 

*2 
2 

Standing 

Sitting 

2E. 

1 

Lying,  standing,  and  sitting. . 

Aortic: 

Lying 

Standing 

Sitting 

Lying,  standing,  and  sitting. . 

5 

3 

1  E. 

9 

35 

1 
1 

1 

2 

Aortic  and  pulmonic: 

Lying . .               

Standing 

1 

Sitting 

Lying,  standing,  and  sitting  . 

1 

3 

| 

No  marked  difference  could  be  found  between  those  who  had  led  an 
active  athletic  life  and  those  whose  occupation  had  been  sedentary, 
although  the  frequency  seemed  to  incline  to  those  of  inactive  habits 
rather  than  toward  the  more  vigorous  and  athletic.  The  frequency 
with  which  these  murmurs  developed  even  on  slight  exertion  (28  per 
cent)  should,  however,  lead  to  caution  in  giving  an  unfavorable 
prognosis  when  they  are  found  following  severe  strain  or  fatigue. 

The  disappearance  of  murmurs  by  change  of  posture  alone  is  sig- 
nificant of  their  unreliability  to  determine  the  seriousness  of  a  heart 
lesion  when  other  symptoms  are  absent. 

I  have  purposely  given  this  investigation  in  detail  because  it  shows 
how  much  variation  within  the  normal  may  be  found  in  this  respect 
and  also  how  fallacious  may  be  the  conclusions  from  an  isolated  case 
if  unchecked  by  a  series  of  similar  observations. 

Athletic  exercises  may  be  divided  for  our  purpose  into  those  in 
which  a  maximum  effort  or  short  series  of  efforts  predominate,  such 
as  shot  putting,  weight  lifting,  heavy  gymnastics,  and  sprinting;  and 
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exercises  of  endurance  in  which  the  single  effort  is  slight  but  the 
series  prolonged  to  exhaustion,  like  walking,  cross-country  running, 
cycling. 

Exercises  of  effort  produce  a  sudden  and  rapid  rise  in  blood  pres- 
sure, 200  cubic  centimeters  and  more,  which  rapidly  falls  when  the 
effort  is  over.  The  pulse  rate  also  returns  quickly  to  its  normal  rate. 
The  resiliency  of  the  heart  is  tested  by  such  exercises  and  they  should 
be  avoided  by  those  of  advancing  years. 

Exercises  of  endurance  show  a  slower  rise  in  pulse  rate,  and  the 
blood  pressure  never  rises  very  high,  but  even  after  the  pulse  has 
returned  to  its  normal  rate  the  pressure  remains  high,  only  returning 
slowly  to  the  normal.  The  dangers  of  a  continuous  high  blood  pres- 
sure are  more  considerable  in  the  young  than  that  of  a  sudden  rise, 
so  that  the  long  and  exhausting  tests  of  endurance  seen  in  long  races 
are  not  adapted  to  the  best  development  of  young  and  growing 
children. 

These  two  forms  of  exercise  are  combined  to  a  high  degree  in  boat 
racing.  In  a  4-mile  race  a  series  of  maximum  efforts  are  continued 
for  20  minutes ;  the  pulse  increases  its  speed,  the  blood  pressure  rises. 
The  first  a  feeling  of  exhilaration,  is  replaced  by  discomfort,  followed 
rapidly  by  a  sense  of  constriction  and  pain  in  the  chest  and  head, 
anxiety,  breathlessness,  mental  confusion,  and,  in  extreme  cases, 
fainting.  The  oarsman  fights  desperately  for  breath,  the  heart  dilates 
widely  as  a  matter  of  economy,  the  muscle  working  better  when 
slightly  stretched.  This  dilatation  remains  till  the  equilibrium  is 
reestablished. 

Murmurs  always  appear  and  slowly  fade  away;  but  even  after  the 
most  severe  strain  one  can  seldom  find  any  measurable  injury  in  a 
week's  time  in  a  heart  originally  sound  if  the  athlete  has  not  passed  30. 

It  is  in  those  of  advancing  years  that  the  danger  of  these  violent 
and  prolonged  efforts  is  seen.  An  elderly  man,  fresh  from  the  office 
where  he  has  been  sitting  for  nine  months,  goes  mountain  climbing 
and  at  the  end  of  a  hard  climb  finds  himself  in  great  distress,  a  dis- 
tress which  does  not  disappear  when  he  rests.  His  heart  is  found 
badly  dilated  and  recovery  is  slow,  if  it  ever  takes  place.  Only  too 
often  the  dilatation  remains  or  recurs  on  the  slightest  exertion,  and 
he  remains  a  partial  or  complete  invalid  for  the  rest  of  his  life. 
Cases  have  been  reported  of  rupture  of  valves  due  to  heavy  and 
unexpected  strains  in  men  over  50,  but  I  have  found  no  record  of 
such  a  case  in  the  young. 

Systematic  exercise  if  kept  within  the  limits  of  overstrain  and  ex- 
haustion gradually  builds  up  the  heart  in  size  and  strength  and  even 
in  most  damaged  hearts  there  is  no  better  way  of  keeping  up  the 
tone  and  efficiency  than  by  movements  kept  within  the  limit  of 
fatigue. 
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Stokes  pointed  this  out  in  Dublin,  Oertel  in  Munich,  and  it  hog 
been  confirmed  by  many  others.  Graduated  exercises  are  beneficial 
both  in  their  immediate  and  in  their  remote  effects,  but  controversy 
has  raged  fiercely  over  the  remote  effects  of  the  more  active  and  vio- 
lent exercise,  and  too  often  opinion,  prejudice  for  or  against,  or 
vague  impression  has  taken  the  place  of  observation  and  facts. 

The  only  statistics  on  which  reliance  can  be  placed  show  the  fol- 
lowing results: 

E.  H.  Morgan  in  his  report  on  294  old  oarsmen  found  an  increase 
of  two  years  in  their  expectation  of  life  over  the  selected  lives  of 
Farr's  English  Life  Tables. 

George  L.  Meylan  in  his  report  on  152  Harvard  oarsmen  found 
an  increase  of  1.6  years,  but  his  results  were  interfered  with  by 
8  deaths  in  battle  during  the  Civil  War.  Allowing  them  their 
allotted  span  the  expectation  would  show  an  increase  of  5.39  over  the 
selected  lives  of  actuarial  tables. 

W.  G.  Anderson  found  that  the  graduates  of  Yale,  who  had  won 
their  "  Y "  on  athletic  teams,  showed  a  mortality  considerably  less 
than  that  of  all  other  graduates. 

Dr.  Armstrong,  of  Wellington  College,  in  198  cross-country  and 

steeplechase  runners  finds,  of  the  13  deaths  from  1870  to  1904,  that 

none  died  from  heart  conditions. 

Hammett  in  his  exhaustive  compilation  of  distance  runners  found 
similar  results. 

Blake  and  Larabee,  in  speaking  of  Marathon  runners,  after  that 

most  exhausting  of  all  athletic  tests,  write : 

So  far  as  observed  no  permanent  injury  of  any  fcind  has  resulted  from  any 
participation  in  these  races. 

Baruch  and  Savage,  in  their  most  thorough  and  painstaking  obser- 
vation on  Marathon  runners,  come  to  the  same  conclusion,  although 
with  more  reservation. 

It  may  be  taken,  as  demonstrated  then,  that  even  severe  athletic 
competition  does  not  appreciably  damage  the  circulatory  apparatus, 
and  its  role  in  hastening  the  onset  of  arteriosclerosis  is  still  difficult 
to  determine.  Certainly  it  is  not  to  athletics,  but  to  the  much  more 
strenuous  occupations  continued  throughout  long  hours  and  under 
unsanitary  conditions — coal  mining,  iron  working — that  one  must 
look  for  information  on  this  subject. 

The  exhaustion  of  continual  overstrain  in  the  young  and  growing 
would  of  necessity  be  unfavorable  to  the  child's  best  interests,  but 
even  in  them  the  recovery  is  so  rapid  and  complete  that  one  is  aston- 
ished at  its  thoroughness. 

The  body  is  constructed  for  a  life  of  physical  activity  and  the 
heart  needs  constant  and  varied  movement  for  its  proper  develop- 
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ment,  and  anything  which  curtails  or  prevents  this  natural  means  of 
growth  must  result  in  preventing  the  individual  from  reaching  his 
highest  possibilities. 

DISCUSSION. 

Dr.  Louis  F.  Bishop,  of  New  York:  Every  great  heart  specialist 
has  rediscovered  exercise  as  a  most  valuable  remedy  in  heart  disease. 
They  have  rediscovered  it  in  England  several  times,  and  of  late  years 
in  Germany.  But  in  serious  heart  disease  it  requires  courage  to  apply 
it,  while  from  timidity  the  practitioner  often  induces  degeneration 
of  the  heart  muscle  by  compelling  inactivity  over  too  long  periods. 

Diet  and  out  of  door  exercise  are  the  only  effective  antidotes  in 
very  high  pressure,  and  if  any  of  you  stop  to  think  you  will 
acknowledge  that  most  terminal  accidents  in  these  people  have  hap- 
pened when  they  were  quiet  in  bed  (thrombosis),  and  not  when  tak- 
ing pleasurable  exercise.  Anger  or  sudden  exertion  may  be  followed 
by  paralysis  (hemorrhage).  Most  heart  patients  need  a  preliminary 
period  of  rest,  but  it  is  exercise  that  is  reconstructive  and  causes  their 
defective  kidneys  to  work. 

As  to  the  young  cardiopaths  of  which  Dr.  McKenzie  has  spoken. 
I  confirm  his  experience,  and  one  of  the  pleasantest  things  I  do  every 
year  is  to  liberate  some  young  people  to  lead  natural  lives  at  school. 
The  polygraph  is  a  great  help  in  analysing  these  conditions. 


CERTAIN  ASPECTS  OF  THE  INFLUENCE  OF  MUSCULAR  EXERCISE 
UPON  THE   RESPIRATORY  SYSTEM. 

Theodore  Hough,  Professor  of  Physiology,  University  of  Virginia. 

No  physiological  effect  of  muscular  activity  is  more  immediate 
or  striking  than  the  increased  breathing  which  accompanies  it. 
Moderate  work,  such  as  a  walk  of  4  miles  an  hour,  increases  the 
respiratory  exchanges  three  or  four  fold  over  those  of  complete 
relaxation,  and  vigorous  work  often  increasese  it  tenfold;  indeed, 
muscular  activity  is  the  one  condition  of  normal  life  which  demands 
distinctly  greater  work  on  the  part  of  the  respiratory  system,  and  the 
latter  responds  to  this  demand  with  increase  of  functional  activity 
comparable  only  with  that  produced  by  suffocation. 

Furthermore,  the  effect  of  the  augmented  breathing  is  not  limited 
to  meeting  the  respiratory  needs  of  the  tissues.  The  increased 
thoracic  aspiration  is  an  important  factor  in  the  return  of  venous 
blood  to  the  heart  at  a  time  when  the  diastolic  filling  of  that  organ 
must  take  place  as  rapidly  as  possible;  nor  is  it  a  less  important 
factor  in  the  flow  of  lymph  from  extrathoracic  to  intrathoracic  ves- 
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sels.  The  lymph  flow,  thus  quickened  from  every  organ  of  the  body, 
aids  in  the  more  rapid  renewal  of  the  interstitial  lymph  which  forms 
the  immediate  environment  of  every  living  cell;  the  interchange  of 
food  and  waste  between  capillary  and  cell  is  favored,  thus  partially, 
if  not  largely,  accounting  for  the  "  freshening  "  effects  of  muscular 
activity.  It  is  also  probable  that  this  increased  lymph  flow  may  ac- 
count for  the  leucocytosis  which  follows  vigorous  muscular  activity; 
at  any  rate,  it  is  significant  that  a  similar  leucocytosis  follows  breath- 
ing against  inspiratory  resistance,  as  in  the  use  of  a  Kiihn's  breathing 
mask. 

To  be  reckoned  with  also  is  the  effect  of  the  contractions  of  the 
diaphragm  and  abdominal  muscles  upon  the  organs  of  the  peritoneal 
cavity.  These  contractions  influence  the  circulation  in  the  splanchnic 
area,  relieving  the  congestions  of  sedentary  life,  and  possibly  exert  a 
favorable  massage  action  upon  the  organs  in  question. 

Last  among  these  secondary  hygienic  effects  should  be  mentioned 
the  fact  that  during  muscular  activity  not  only  is  the  volume  of  air 
breathed  increased,  but  all  the  lobes  of  the  lungs  are  used.  In  this 
way,  every  part  of  the  lung  receives  adequate  ventilation  and  the 
mobility  of  all  parts  of  the  thoracic  mechanism  is  maintained  at  a 
high  degree  of  efficiency.  The  relation  of  this  to  the  greater  vulner- 
ability of  the  apical  lobes  to  tuberculosis  can  not  be  discussed  here; 
but  it  is  safe  to  say  that  while  there  may  be  a  reasonable  doubt 
whether  the  failure  to  ventilate  these  lobes  is  the  sole  factor  con- 
cerned, there  is  nothing  which  justifies  us  in  denying  that  it  plays 
an  important  contributing  role  and  hence  should  be  classified  as 
among  the  important  probable  hygienic  effects  of  exercise. 

The  respiratory  response  to  muscular  activity,  in  meeting  a  very 
pressing  need  of  the  organism,  therefore,  favorably  influences  the 
circulation,  the  lymph  flow,  the  environmental  conditions  of  every 
living  cell,  the  work  of  the  abdominal  organs,  and  probably  aids  in 
maintaining  normal  conditions  in  the  lungs.  Through  this  channel 
of  respiration  muscular  activity  exerts  some  of  its  most  important 
hygienic  effects  on  the  body  as  a  whole. 

At  the.  same  time,  with  the  more  severe  degrees  of  muscular  activ- 
ity, the  increased  action  of  the  respiratory  system  is  a  response  to  a 
condition  of  pronounced  physiological  strain;  and  it  is  important  to 
know  as  accurately  as  possible  the  condition  of  the  organism  indi- 
cated by  this  response.  Let  us,  therefore,  inquire  what  conditions 
are  believed  to  influence,  and  especially  to  augment,  the  action  of  the 
respiratory  center  and  which  of  these  play  a  role  in  the  response  of 
the  center  to  muscular  activity.  Factors  augmenting  the  work  of 
the  center  are:  (1)  Increase  of  the  tension  of  carbon  dioxid  in  arter- 
ial blood;   (2)   the  presence  of  certain  muscular  metabolites  in  the 
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arterial  blood;  (3)  rise  of  temperature  of  the  blood  going  to  the 
respiratory  center;  (4)  deficiency  of  oxygen  in  the  arterial  blood, 
although  this  is  negligible  unless  the  arterial  oxygen  tension  is  ap- 
proximately less  than  half  the  normal;  (5)  afferent  nervous  im- 
pulses, especially  over  the  nerves  of  pain.  To  these  may  be  added  the 
possibility  of  influence  from  the  lungs  themselves,  through  the  vagus 
nerves. 

Of  these  possible  factors  the  experiments  of  Geppert  and  Zuntz1 
exclude  at  once  the  action  of  nervous  impulses  from  the  working 
muscles  and  deficiency  of  oxygen  in  the  arterial  blood.  These  ob- 
servers sectioned  the  spinal  cord  in  the  lower  dorsal  region,  thereby 
removing  from  afferent  connection  with  the  central  nervous  system 
the  muscles  of  the  hind  legs,  which  were  then  thrown  into  contrac- 
tion by  stimulation  of  the  lumbar  cord.  The  breathing  movements 
were  increased  to  approximately  the  same  extent  as  by  normal  exer- 
cise, although  the  arterial  blood  proved  to  contain  its  full  amount  and 
presumably  its  normal  tension  of  oxygen.2  The  same  observers  noted 
a  marked  fall  of  the  carbon-dioxid  content  of  the  arterial  blood,  and 
concluded  that  excess  of  carbon  dioxid  in  the  blood  going  to  the 
respiratory  center  could  not  be  the  cause  of  the  increased  breathing. 
The  validity  of  this  last  conclusion  has  been  called  in  question  by 
Haldane  and  Priestley,3  who  justly  point  out  that  the  carbon-dioxid 
content  of  the  blood,  as  determined  by  Geppert  and  Zuntz,  includes 
both  the  free  carbon  dioxid  and  that  combined  as  bicarbonates  or  with 
proteins.  Inasmuch  as  it  is  only  the  uncombined  carbon  dioxid 
which  exerts  a  tension  in  the  blood,  and  it  is  this  tension  of  carbon 
dioxid  which  influences  the  respiratory  center,  it  may  well  be  that 
muscular  activity  diminishes  the  combined  (and  so  the  total)  carbon 
dioxid  without  diminishing  the  uncombined,  and,  consequently,  with- 
out diminishing  the  tension  of  this  gas.  It  has  been  furthermore 
suggested  that  the  acids  produced  during  muscular  activity  may 
appropriate  the  bases  of  the  blood  and  thereby  lessen  its  carrying 
power  for  carbon  dioxid ;  in  this  case  there  may  be  increased  tension 
of  carbon  dioxid  in  the  tissues  (the  respiratory  center  included")  at 
the  same  time  that  the  total  quantity  of  this  gas  in  the  blood  is 
diminished. 

As  a  matter  of  fact,  we  have  as  yet  no  direct  determinations  of  the 
tension  of  carbon  dioxid  in  the  arterial  blood  during  muscular  activ- 
ity, nor  have  we  any  direct  determinations  of  the  "  carrying  power  " 
of  the  blood  for  this  gas  under  these  conditions.  Hence  Haldane'? 
suggestion,  though  plausible,  must  remain  for  the  present  an  hypoth- 
esis awaiting  verification. 

In  the  absence  of  direct  evidence  as  to  the  tensions  of  oxygen  and 
carbon  dioxid  in  the  blood  or  in  the  respiratory  center,  the  tensions 
of  these  gases  in  the  alveoli  of  the  lungs  during  muscular  activity  of 
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different  degrees  of  intensity  becomes  of  interest.  Such  have  been 
made  by  Douglas  and  Haldane,  Pembrey  and  Cook,  Hill  and  Flack, 
and  the  writer  of  this  paper.4  I  shall  refer  only  to  my  own  experi- 
ments, as  these  are  perhaps  the  most  systematic  yet  made.  Samples 
of  alveolar  air  were  collected  representing  four  degrees  of  muscular 
activity,  as  follows :  (1)  During  the  sitting  posture ;  (2)  immediately 
after  a  walk  of  4  miles  an  hour;  (3)  immediately  after  a  trot  of  10 
minutes,  which  produced  marked  hyperpnea  but  not  labored  breath- 
ing; and  (4)  immediately  after  a  hard  run  of  10  minutes,  which  pro- 
duced decidedly  labored  respiration.  Samples  were  similarly  col- 
lected at  different  intervals  after  the  exercise.  The  results  (averages) 
are  given  in  the  accompanying  table. 

Table  I. 


Alveolar  tensions  in 
millimeters  of 
mercury. 


Resting 

Walk 

Trot 

Hard  run  (first  10  minutes) 

Hard  run  (second  10  minutes) . . 

2  to  5  minutes  after  hard  run 

7  to  10  minutes  after  hard  run . . . 
15  to  20  minutes  after  hard  run. . 
30  to  40  minutes  after  hard  run l. 


100.5 
103.9 
104.2 
113.3 
118.0 
126.0 
112.2 
112.0 
118.4 


1  One  observation  only. 

For  many  details  which  appear  on  study  of  the  individual  experi- 
ments reference  must  be  made  to  the  original  paper.  The  table  of 
averages  here  given  shows  in  the  first  place  a  fairly  close  agreement 
between  the  changes  of  alveolar  tensions  in  the  two  gases;  that  is  to 
say,  as  the  carbon-dioxid  tension  falls,  the  oxygen  tension  rises.  The 
one  exception  to  this  is  when  the  resting  tension  is  compared  with 
that  of  the  walk,  and  we  shall  see  that  this  exception  may  be  signifi- 
cant. The  general  parallelism  between  the  changes  of  alveolar  ten- 
sions of  oxygen  and  of  carbon  dioxid,  of  course,  suggests  strongly 
an  increased  ventilation  of  the  lungs  as  the  cause.  Taking  as  the 
basis  of  comparison  the  resting  tension  of  carbon  dioxid,  the  walk 
evidently  causes  a  slight  rise,  the  trot  shows  about  the  same  tension 
as  the  walk,  or  rather  a  tendency  to  a  lower  tension,5  while  with  the 
hard  run  there  is  a  distinct  fall  from  that  of  the  trot,  this  fall  going 

below   the  resting  tension   and   increasing    (doubtless  to   a  certain 
limit)   with  the  continuance  of  the  run.     In  other  words,  whatever 

may  be  the  condition  of  the  blood,  the  increased  breathing  movements 

of  hard  muscular  activity  more  than  suffice  to  maintain  the  normal 

s  of  oxygen  and  carbon  dioxid  in  the  lungs.    There  is  an  over- 
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ventilation  of  the  lungs.*  This  is  of  obvious  advantage  to  the  organ- 
ism, since  it  increases  the  difference  of  pressure  for  both  gases  be- 
tween the  blood  and  the  alveoli  when  the  greater'  speed  of  the  blood 
through  the  lungs  requires  more  rapid  diffusion  through  the  alveolar 
membrane. 

It  is  also  clear  that  the  condition  of  "  overventilation  "  persists  for 
more  than  30  minutes  after  the  cessation  of  the  exercise,  indicating 
clearly  that  the  cause  of  the  overventilation  is  one  which  is  not  Lmme« 
diately  removed  from  the  organism. 

Geppert  and  Zuntz  long  ago  concluded  that  the  increased  breath \',\i\ 
of  muscular  activity  is  caused  by  the  stimulating  influence  of  some 
products  of  muscular  activity  other  than  carbon  dioxid.  These  are 
discharged  into  the  blood  and  through  that  channel  influence  the 
work  of  the  center.  They  found  that  if  the  circulation  through  the 
muscles  is  temporarily  stopped  during  the  period  of  tetanizing  the 
hind  limbs,  no  increased  breathing  results,  even  though  the  working 
muscles  are  still  in  nervous  connection  with  the  central  nervous  sys- 
tem; respiration,  on  the  other  hand,  immediately  increased  when, 
after  cessation  of  the  work,  the  circulation  through  the  muscles  was 
reestablished,  and  this  occurs  whether  the  muscles  are  in  nervous 
connection  with  the  central  nervous  system  or  not.  These  experi- 
ments would  seem  to  leave  no  doubt  that  the  hypernea  resulting  from 
the  more  severe  forms  of  exercise  is  due  to  the  stimulating  effect  upon 
the  respiratory  center  of  katabolites,  other  than  carbon  dioxid,  dis- 
charged upon  the  blood  by  the  working  muscle.  We  may  adopt  this 
conclusion  without  attempting  to  determine  what  these  katabolites 
are  or  how  they  influence  the  center.  It  is,  however,  a  significant  fact 
that  the  duration  of  the  condition  of  overventilation  after  the  cessa- 
tion of  the  work  corresponds  quite  closely  with  the  time  that  lactates 
can  be  demonstrated  in  the  circulating  blood. 

During  the  half  hour  or  hour  after  the  exercise,  while  the  kata- 
bolites are  still  in  the  blood  and  are  influencing  the  respiratory  cen- 
ter, the  alveolar  tensions  of  carbon  dioxid  and  of  oxygen  are  probably 
an  approximate  indication  of  the  tension  of  the  same  gases  in  the 
blood.  If  this  be  true,  the  blood  must  reach  the  tissues  with  an  oxy- 
gen tension  between  10  and  20  per  cent  above  normal  and  with  a 
carbon-dioxid  tension  from  20  to  40  per  cent  below  normal.  It  would 
lead  us  too  far  afield  to  consider  the  possible  far-reaching  effect  of 
this  change  in  the  blood;  but  the  development  of  the  conception  of 
the  hormone  action  of  carbon  dioxid  suggests  the  importance  of  in- 
vestigation of  the  hygienic  significance  of  this  to  the  organism. 

The  facts  thus  far  considered  do  not,  however,  justify  the  conclu- 
sion that,  in  moderate  exercise,  such  as  a  brisk  walk,  the  stimulus  to 
increased  respiration  consists  in  the  action  of  the  muscular  meta- 
bolites in  question.    It  will  be  remembered  that  such  exercise  shows, 
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not  a  fall,  but  a  distinct  rise  of  alveolar  carbon-dioxid  tension.  This 
rise,  it  is  true,  does  not  seem  at  first  sight  very  great;  but  the  same 
rise,  when  produced  in  other  ways  in  the  resting  individual,  is  capable 
of  more  than  doubling  the  volume  of  air  breathed.  Hence  it  would 
seem  to  be  an  adequate  cause.  Moreover,  if  the  muscular  katabolites 
in  question  are  lactic  or  other  intermediate  acids,  we  have  every  rea- 
son to  believe  that  these  arise  because,  under  the  conditions  of  intense 
work,  the  supply  of  oxygen  to  the  working  muscle  is  insufficient  to 
effect  complete  oxidation  to  carbon  dioxid  and  water.  It  may  well  be 
that  moderate  work  does  not  overtax  the  power  of  the  circulation  to 
supply  the  oxygen  needed  for  complete  oxidation.  In  harmony  with 
this  line  of  thought  is  also  the  fact  that  moderate  work  is  not  followed 
by  the  low  alveolar  tension  of  carbon  dioxid  and  the  high  tension  of 
oxygen  previously  described  for  hard  work  and  attributed  to  the 
presence  of  muscular  katabolites  in  the  blood;  on  the  contrary,  in 
this  case  the  alveolar  tensions  promptly  return  to  the  normal.  If 
this  be  true,  the  condition  of  the  organism  with  moderate  muscular 
activity  differs  not  only  in  degree  but  also  in  kind  from  its  condition 
during  vigorous  activity. 

The  study  of  alveolar  tensions  during  muscular  activity  has  led  to 
a  suggestion,  by  Pembrey  and  Cook,7  which  is  deserving  of  attention, 
namely,  that  the  respiratory  distress  which  is  relieved,  on  the  con- 
tinuance of  the  exercise,  by  the  advent  of  "  second  wind,"  is  due  to  a 
temporary  excessive  carbon-dioxid  tension  in  the  lungs  and  blood, 
and  that  "  second  wind  "  comes  with  the  return  of  the  carbon-dioxid 
tension  to  or  below  normal.  The  experiments  of  these  investigators 
do  not  seem  to  the  writer  to  be  sufficiently  extensive  or  controlled  to 
establish  the  fact,  but  their  results  are  highly  suggestive  and  their 
theory  should  be  tested  by  further  experiment.  Briefly,  they  found 
that  during  the  period  of  respiratory  distress  at  the  beginning  of 
the  exercise  the  carbon-dioxid  tension  was  often  25  per  cent  higher 
than  normal ;  while,  after  the  appearance  of  "  second  wind,"  it  had 
returned  almost  or  quite  to  the  normal.  It  is  one  of  the  common- 
places of  logic  that  the  coincident  occurrence  of  two  events  does  not 
prove  that  they  stand  in  any  causal  relation  to  each  other;  but  the 
results  of  these  workers  are  certainly  suggestive. 

Another  important  contribution  to  this  subject  has  been  made  by 
Leonard  Hill  and  his  coworkers.8  They  have  demonstrated  the  in- 
fluence of  breathing  pure  oxygen  in  lessening  the  severity  of  the 
respiratory  distress  during  exercises  of  maximal  effort,  such  as  the 
hundred-yard  dash.  At  first  sight  this  may  seem  to  be  opposed  to  the 
view  that  "  loss  of  wind  "  is  due  to  excessive  carbon-dioxid  tension  in 
the  respiratory  center,  for  the  presence  of  a  high  tension  of  oxygen 
would  not  lessen  the  production  of  carbon  dioxid.  An  explanation 
is,  however,  suggested  by  the  very  careful  and  important  work  of 
Lindhard,9  who  shows  that  with  increasing  tensions  of  oxygen  the 
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sensitiveness  of  the  center  to  the  carbon-dioxid  stimulus  decreases. 
In  other  words,  it  may  require  a  larger  accumulation  of  carbon 
dioxid  than  normally  to  produce  respiratory  distress  when  the  tension 
of  oxygen  in  the  blood  is  raised  in  this  way. 

In  conclusion,  I  shall  take  the  opportunity  of  suggesting  a  prom- 
ising line  of  inquiry  in  this  chapter  of  the  hygienic  physiology  of 
muscular  activity.  There  is  evidence  for  the  view  that  in  regulating 
the  ventilation  of  the  lungs  the  respiratory  center  makes  use  of 
three  variables  in  the  act  of  breathing.10  These  are  the  rate  of 
respiration,  the  amount  of  inspiratory  effort,  and  the  amount  of 
active  expiratory  effort.  Several  students  of  the  subject  have  drawn 
the  conclusion  that  the  rate  and  depth  of  respiration  are  controlled 
by  different  factors.  The  most  important  work  on  this  subject  is 
perhaps  that  of  Scott,11  who  showed  that,  whereas  in  the  intact  rab- 
bit dyspnea  caused  by  breathing  air  comparatively  rich  in  carbon 
dioxid  involves  an  increase  of  both  rate  and  depth  of  breathing, 
when  both  vagi  nerves  are  cut  there  is  an  increase  in  depth  but  not 
in  rate.  With  a  slight  modification  I  can  state  that  the  same  thing 
is  true  of  the  dog.  Kichet  also  long  ago  called  attention  to  the  fact 
that  the  panting  of  dogs  upon  exposure  to  high  temperatures  con- 
sists of  rapid  and  shallow  respirations;  and  within  the  past  year 
Nicolaides  and  Dontas 12  have  shown  that  the  polypnea  resulting 
from  rise  of  temperature  of  the  blood  does  not  occur  if  the  connec- 
tion of  the  respiratory  center  with  the  corpus  striatum  is  broken. 
Rate  and  depth  of  respiration  are  thus  controlled  by  different, 
although  cooperating,  mechanisms. 

In  addition  to  this,  the  writer  is  convinced  that  the  depth  of  respi- 
ration seems  to  be  similarly  controlled  by  two  factors,  the  extent 
of  contraction  of  inspiratory  muscles  and  the  extent  of  contraction 
of  expiratory  muscles.  In  ordinary  quiet  breathing,  the  former  is 
the  more  important;  possibly  it  is  the  sole  factor  of  depth.  In  la- 
bored breathing,  active  expiration  becomes  more  and  more  pro- 
nounced. I  have  shown  that,  in  the  response  to  the  dyspneic  condi- 
tion produced  by  breathing  a  confined  volume  of  air,  there  are 
marked  individual  variations  in  the  extent  to  which  the  expiratory 
muscles  are  used.  Whether  the  same  thing  is  true  of  the  labored 
breathing  of  muscular  activity,  I  am  not  able  to  state;  but  it  is  a 
priori  probable,  and,  at  any  rate,  is  worthy  of  investigation.  The 
largest  efficient  alveolar  ventilation  during  labored  breathing  is 
secured  by  the  active  cooperation  of  inspiratory  and  expiratory  mus- 
cles, and  I  would  suggest  that  there  may  often  be  a  failure  of  the 
expiratory  mechanism  to  do  its  share  of  the  work.  This  would 
place  the  individual  at  considerable  disadvantage  during  labored 
breathing. 
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It  seems  worth  while,  therefore,  for  those  interested  in  the  physi- 
ology of  muscular  activity,  and,  especially,  in  its  application  to  the 
actual  work  of  physical  training,  to  devise  some  method  of  testing 
(possibly  as  a  part  of  anthropometrical  physical  examination)  the 
respiratory  response  of  the  individual  to  muscular  activity  of  differ- 
ent degrees  of  intensity,  paying  special  attention  to  the  three  factors 
already  mentioned  and  also  to  the  relative  part  played  by  the  lower 
and  upper  series  of  ribs.  Such  measurements  may  give  important 
indications  of  the  need  of  special  training  of  the  breathing  in  exer- 
cises of  relatively  great  intensity. 

In  support  of  the  view  that  such  training  is  possible,  I  may  cite  an 
experience  of  my  own  when  testing  different  individuals  breathing  a 
confined  volume  of  air.  Most  of  those  subjects  who  had  engaged  in 
athletic  work  held  down  the  rate  until  the  later  stages  of  dyspnea, 
securing  their  increased  pulmonary  ventilation  by  increasing  the 
depth  of  respiration ;  and  in  this  increase  the  expiratory  muscles  took 
an  active  part.  A  large  percentage  of  those,  on  the  other  hand,  who 
habitually  took  little  exercise,  would  increase  the  rate  from  the  first ; 
in  doing  so,  they  did  not  allow  time  for  full  expiration,  and  these 
subjects  suffered  much  more  from  insufficient  alveolar  ventilation 
than  did  the  athletes.  In  the  same  group  of  subjects  there  were  three 
accustomed  to  public  speaking.  Even  though  they  had  never  had 
athletic  training  or  experience,  and  took  little  exercise  beyond  walk- 
ing, these  three  men  responded  to  dyspneic  conditions  much  as  did  the 
athletes.  It  seemed  that  they  had  grown  accustomed  to  the  use  of 
the  expiratory  muscles  in  speaking,  and  the  training  of  this  mecha- 
nism showed  itself  in  the  more  effective  handling  of  the  conditions 
of  dyspnea. 

Finalty,  I  would  raise  the  question  whether  in  limiting  our 
anthropometric  measurements  of  the  respiratory  system  to  chest 
expansion,  vital  capacity,  and  force  of  expiratory  effort,  we  are  not 
content  with  too  little;  for  these  things  alone  do  not  indicate  the 
dynamic  condition  of  this  mechanism.  We  should  know  not  only 
its  capacity,  but  also  its  actual  behavior  in  response  to  the  condi- 
tions of  labored  breathing.  The  solution  of  this  problem  in  practice 
is  not  easy,  but  there  is  no  reason  to  doubt  that  it  is  possible;  and 
surely  the  maintenance  of  the  best  possible  respiratory  conditions  in 
the  organism  under  stress  is  an  end  worthy  of  any  amount  of  patient, 
intelligent  effort  on  the  part  of  rational  physical  education  to  attain. 

1  Geppert  and  Zuntz :  Archiv  fur  die  gesammte  Physiologie,  1888,  XLII,  p.  189. 

*  After  this  paper  was  prepared  there  appeared  the  work  of  Haldane  (Jour- 
nal of  Physiology,  1912,  XLIV,  p.  305),  from  which  he  concludes  that  during 
muscular  activity  there  is  an  active  secretion  of  oxygen  by  the  pulmonary 
epithelium  from  the  alveoli  into  the  blood,  so  that  the  arterial  blood  at  this 
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time  leaves  the  heart  with  an  oxygen  tension  considerably  above  that  of  the 
air  of  the  lungs.  The  correctness  of  this  conclusion  must  stand  ,or  fall  with  the 
validity  of  the  analytical  methods  employed. 

■Haldane  and  Priestley:  Journal  of  Physiology,  1005,  XXXII,  p.  226. 

4 Hough,  American  Journal  of  Physiology,  1912,  XXX,  p.  18.  This  pnpei  gives 
full  references  to  the  literature  of  the  subject. 

3  If,  instead  of  using  the  averages,  the  "walking"  and  "trot"  tensions  are 
compared  In  each  experiment  where  both  were  taken,  it  will  be  found  that 
there  is  a  slight  fall  of  C02  tension  in  most  cases.. 

8  In  these  experiments  the  breathing  movements  are  supposed  to  be  unimpeded 
by  fixation  of  the  ribs  in  the  muscular  work;  by  nasal  breathing,  when  this 
offers  undue  resistance  to  the  entrance  and  exit  of  air;  by  fatigue  of  the  muscles 
of  respiration,  when  the  work  is  unduly  prolonged ;  or  by  any  holding  of  the 
breath  to  give  firmer  point  of  origin  to  contracting  muscles. 

7Pembrey  and  Cook:  Journal  of  Physiology,  1908,  XXXVII,  p.  Ixvii. 

8 Hill  and  Mackenzie:  Journal  of  Physiology,  1910,  XXXIX,  p.  xxxiii.  Hill 
and  Flack :  Ibid.,  1910,  XL,  p.  347. 

8  Lindhard :  Journal  of  Physiology :  1911,  XLII,  p.  337. 

10  Hough :  American  Journal  of  Physiology,  1911,  XXVIII,  pp.  379-381. 

11  Scott :  Journal  of  Physiology,  1908,  XXXVII,  p.  301. 

12  Nicolaides  and  Dontas :  Arch.  f.  Physiol.,  1911,  p.  249. 


PHYSICAL  TRAINING  IN  THE  UNITED  STATES  NAVAL  SERVICE. 

Dr.  J.  A.  Murphy,  Surgeon,  United  States  Navy,  United  States  Naval  Academy, 

Annapolis,  Md. 

Exercise  in  the  naval  service  may  be  considered  in  connection  with 
its  relation  to  the  officer,  to  the  enlisted  man,  to  life  on  shore  and 
afloat,  to  the  variety  available,  to  the  work  or  play  of  the  dayt  and  to 
its  effects,  good  or  bad. 

Until  within  a  few  years  official  recognition  of  the  need  of  special 
forms  of  exercise  has  been  limited  more  or  less  to  the  physical -exer- 
cise drills;  sword,  bayonet,  physical  drill  with  arms,  and  physical 
drill  without  arms.  In  the  days  of  sailing  ships,  the  enlisted  force 
were  generally  active,  well-developed  men,  obtaining  frequent  mus- 
cular exercise  through  force  of  circumstances,  in  lieu  of  which  there 
must  now  be  provided  some  scheme  of  compulsory  physical  training. 
Officers  were  also  as  a  class  of  better  physique,  principally  because  the 
demand  was  less  than  the  supply,  so  that  selection,  both  mental  and 
physical,  was  carried  to  a  higher  degree.  . 

The  modern  navy  has  expanded  rapidly,  and  conditions  on  shore 
and  afloat  have  changed  both  from  the  hygienic  and  the  physical 
standpoint.  A  great  part  of  the  crew  now  work  below  decks,  in 
heated  and  doubtful  atmospheres,  motor  power  is  replacing  hand 
labor  in  boats  and  on  shipboard,  physical  shore  drills,  like  infantry 
and  artillery,  are  of  less  importance  than  the  necessity  of  perfect- 
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ing  great  gun  drills  in  place  aboard  ship,  while  mental  tension  and 
responsibility  is  increasing  with  attendant  drain  on  physical  strength. 

To  compensate  for  the  bad  effect  of  these  recognized  altered  con- 
ditions, executive  authority  has  prescribed  physical  exercise  for 
officers,  and  the  Navy  Department  has  encouraged  athletics  in  many 
ways  for  the  enlisted  personnel.  Failure  to  obtain  satisfactory  re- 
sults comes  from  various  causes.  The  physical  drills  soon  become 
monotonous,  consisting  of  the  same  series  of  movements  day  in  and 
day  out,  while  the  basic  principle  of  progressive  uniform  develop- 
ment is  not  present,  through  lack  of  some  method  by  which  weakness 
followed  by  improvement  can  be  demonstrated.  There  is  no  special 
corps  of  instructors  to  keep  alive  the  personal  interest  and  to  correct 
faults,  the  time  allotted  is  short,  and  the  system  lacks  command,  so 
that  control  is  soon  lost,  and  the  movements  become  perfunctory  and 
spiritless. 

The  officers'  walking  test  is  better  than  nothing,  but  hardly  suffi- 
cient to  give  the  individual  a  daily  work  out  of  all  his  muscles  or  to 
improve  the  strength  of  his  upper  limbs  and  body.  Athletics,  being 
voluntary  in  character,  only  reach  those  who  feel  inclined  to  indulge, 
these  few  individuals  among  many  being  usually  the  well-developed 
physiques  for  whom  one  should  ordinarily  have  no  feeling  of  worry. 

On  shore,  opportunity  does  not  always  exist  for  systematic  exercise 
in  the  usual  ways,  most  naval  stations  lacking  a  gymnasium  or  ade- 
quate area  which  can  be  devoted  to  voluntary  physical  training. 
Afloat,  opportunity  is  still  further  restricted. 

The  peculiar  conditions,  not  felt  ordinarily  in  civil  life,  during  the 
more  or  less  lengthy  periods  of  work  under  discipline  and  responsi- 
bility of  varying  degree,  affect  the  personal  inclination,  the  hours  off 
duty  being  devoted  to  family  or  to  pleasure  of  nonathletic  type  for 
the  freedom  and  relaxation  that  goes  therewith. 

Unlike  civilians,  who,  as  a  rule,  remain  in  the  same  locality,  the 
chances  of  naval  men  becoming  active  members  of  athletic  organiza- 
tions or  clubs  are  slight,  lack  of  example  being  a  factor  here. 

Under  the  American  system  of  making  specialists  out  of  a  few 
individuals,  the  primary  idea  of  exercise  would  seem  to  tend  to  the 
creation  of  a  desire  on  the  part  of  a  few  to  excel  in  doing  feats  of 
skill  and  strength,  and  to  the  many  a  desire  to  view  such  displays, 
the  rounding  out,  uniform,  and  healthful  development  of  all  indi- 
viduals being  a  secondary  instead  of  a  primary  consideration.  It 
follows  that  for  many  individuals  there  is  created  no  actual  liking 
for  exercise,  these  persons  never  having  really  felt  the  well-being 
that  comes  from  a  proper  dosage,  exercise  for  the  athletes  having  been 
made  a  drudgery  in  order  to  obtain  excellence  in  condition  and  team 
work,  all  pleasurable  sensations  being  lost  in  the  lust  for  conquest. 
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The  athletes,  therefore,  unless  they  make  their  living  thereby,  soon 
give  up  their  methods  of  obtaining  exercise  because  of  dislike  or 
inability  to  gather  others  together  for  a  contest  or  from  hick  of  a 
field  of  play,  while  the  nonathletes,  having  learned  no  other  form  of 
athletic  pleasure  than  that  of  viewing  others  perform,  go  the  way 
of  the  ignorant. 

Observation  of  hundreds  of  applicants  for  enlistment  or  appoint- 
ment in  the  service,  particularly  in  the  case  of  youthful  candidates 
for  midshipman  at  Annapolis,  supposedly  the  selected  of  the  land 
(many  having  passed  through  college  or  preparatory  schools  where 
opportunity  for  physical  training  at  the  present  time  is  excellent), 
shows  a  most  marked  neglect  of  personal  knowledge  in  the  use  and 
lack  of  results  in  the  application  or"  exercise  to  the  improvement  of 
defects  in  physique,  these  young  men  for  the  most  part  being  flat- 
chested,  round-shouldered,  with  head  drooping  and  hips  carried  for- 
ward and  spine  distorted ;  unhealthy  skins,  poor  circulation,  and  frail 
musculature  often  complete  the  picture.  Of  the  few  who  are  well 
developed  many  have  exaggerated  certain  parts  so  as  to  have  become 
defective  in  posture.  Their  muscles  are  reduced  in  range  of  move- 
ment from  continually  doing  heavy  work  of  the  same  character  and 
from  unequal  development  of  antagonists,  so  that  they  are  muscle 
bound,  awkward,  sluggish,  and,  when  attempting  to  apply  their 
power,  fight  the  effort  through  lack  of  coordination. 

These  young  men,  both  weak  and  strong  alike,  are  all  well 
grounded,  however,  in  exercises  commonly  classed  as  sports,  which, 
from  the  results,  appear  to  be  more  popular  through  desire  for  fame, 
poor  advice,  or  lack  of  restriction,  than  basic  exercises  which  would 
have  prepared  the  body  by  correction  of  its  physical  faults  for  the 
strains  of  effort. 

At  the  United  States  Naval  Academy,  where,  at  the  present  time, 
physical  training  is  considered  of  great  importance,  all  forms  of  exer- 
cise, both  voluntary  and  compulsory,  are  encouraged  under  certain 
restrictions  of  various  kinds. 

The  assigned  compulsory  forms  of  exercise  are  made  up  of  drills 
and  athletics.  The  athletic  drills  being  infantry,  artillery  (field 
pieces  drawn  by  hand),  great  gun  (using  dummy  bags  and  shell  of 
same  weight  as  standard  charge),  mines,  seamanship  (rowing  and 
sailing  boats),  gymnasium,  and  sword.  The  compulsory  athletic 
contests  between  classes,  divisions,  and  companies,  are  rowing  (cutter, 
three-fourths  mile),  tennis,  gymnastics,  wrestling,  swimming,  fenc- 
ing handball,  football,  basket  ball,  baseball,  lacrosse,  and  field  and 
track. 

The  drills  are  both  outdoor  and  indoor  and,  in  addition  to  those 
regularly  assigned  as  part  of  the  academic  course,  others  are  assigned 
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as  competitive.  The  compulsory  athletic  contests  in  the  different 
seasons  are  restricted  to  individuals  not  members  of  the  navy  squads 
in  each  sport,  so  that  there  are  very  few  of  the  total  number  of  mid- 
shipmen who  at  some  time  are  not  engaged  in  athletics. 

Voluntary  lines  of  effort,  in  which  the  midshipmen  engage  for 
recreation,  or  collectively  represent  the  institution  against  other 
colleges,  are  of  the  usual  kind:  Crew  racing,  football,  basket  ball, 
track  and  field,  baseball,  lacrosse,  wrestling,  swimming,  gymnastics, 
tennis,  fencing,  golf,  handball,  walking,  horseback  riding,  and 
bicycling. 

In  connection  with  the  above,  it  might  be  noted  that  the  aim  of 
exercise  should  be  to  correct  faulty  posture  or  deformities ;  strengthen 
weak  muscle  groups;  improve  nervous  control  and  coordination  to 
obtain  a  quicker  response  to  the  will ;  improve  the  appetite,  digestion, 
and  absorption,  thus  improving  metabolism  so  as  to  increase  body 
weight  (muscle)  and  burn  up  excess  of  food  (fat)  ;  and  to  strengthen 
the  heart  and  lungs ;  the  body  being  placed  in  a  position  best  adapted 
to  meet  the  daily  demands  of  life  brought  out  by  the  strain  of  physi- 
cal and  mental  activity. 

The  effect  on  physique  of  constant  discipline;  compulsory  study 
hours;  examinations;  youth;  natural  ambition,  frequently  accentu- 
ated by  reward  for  excellence ;  rivalry,  urging  of  professional  coaches 
and  trainers,  and  desire  for  fame;  is  not  always  considered  in  con- 
junction with  excessive  physical  exercise.  These  combined  effects 
often  lead  to  insidious  overdoing,  particularly  when  there  is  failure 
to  remember  that  exercise  should  be  recreational  or  developmental  in 
character,  when  endurance  is  cultivated  rather  than  skill  and  team 
work  for  short  periods,  and  when  the  question  of  unnatural  fatigue 
is  lost  sight  of. 

The  primary  object  of  the  inter  class  drills  and  games  is  to  stimulate 
an  interest  in  the  various  exercises  and  to  force  as  many  individuals 
to  engage  in  physical  improvement  as  possible,  the  secondary  object 
being  to  develop  material  for  the  first  teams  (this  last  is  the  pre- 
dominant idea  in  the  American  scheme  of  physical  training  and  is 
responsible  for  the  poor  results  so  far  observed) .  Class  contests  are 
more  in  the  nature  of  recreational  strife,  making  the  exercise  one  of 
play  instead  of  work.  There  is  no  necessity  for  arduous  training, 
due  to  the  lessened  speed  and  form  expected  from  the  contestants  and 
to  the  fact  that  winning  or  losing  is  not  a  vital  point,  the  players 
being  able  to  conserve  their  strength  by  slowing  up  when  fatigued. 

In  the  development  of  teams  for  interinstitutional  contests  the 
peculiar  mental  state  affecting  coaches  (due  to  thoughts  of  prestige 
or  finance  usually)  and  players  (effect  of  esprit  de  corps),  brought 
out  by  fear  of  losing,  has  usually  evolved  an  excess  of  zeal,  both  on 
the  part  of  those  engaged  in  the  various  sports  as  well  as  in  those 
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charged  with  the  production  of  a  winning  combination.  This  mental 
state  forces  matters,  there  being  no  time  for  progression,  and  with 
failure  to  realize  that  shortness  of  season,  lack  of  previous  prepara- 
tion, press  of  studies,  relative  immaturity,  and  effect  of  constant  dis- 
cipline may  be  exerting  a  drain  on  vitality,  results  are  not  always  as 
expected.  In  the  production  of  a  winning  team  the  professional 
coach  is  thinking  very  little  of  the  future  of  his  subject,  but  a  great 
deal  on  obtaining  what  he  terms  "  material,"  which  really  means  the 
survival  of  the  fittest.  Commercialism  is  a  strong  factor  in  the 
athletics  of  to-day. 

Certain  sports  have  the  endurance  element  prominently  to  the 
front,  and  it  is  frequently  noticed  that  this  element  is  counted  on  at 
times  to  cover  lack  of  skill  and  team  work.  Ill  effects  are  noted  fre- 
quently, even  in  the  well  trained,  from  cumulative  strain  in  endu- 
rance contests.  This  is  not  so  true  of  exercises  of  speed  and  short 
duration,  where  only  momentary  after  effects  show,  such  effects 
being  nullified  by  proper  care  and  restriction. 

In  the  naval  service  statistics  proving  that  athletes  live  long  are 
not  of  as  much  importance  as  proof  that  this  type  of  individual  will 
continue  to  withstand  the  marked  mental  and  physical  strain  of 
modern  naval  life,  which  can  be  expected  to  increase  in  time  of 
peace  as  well  as  in  time  of  war.  The  same  man  in  civil  life  might 
be  considered  a  good  risk  both  from  the  average  business  and  effi- 
ciency standard,  but  this  does  not  always  hold  in  the  service  where 
responsibility  is  never  ending,  and  on  this  point  hinges  statistical 
differences. 

Some  of  the  effects  of  overindulgence  in  athletics,  commonly 
widely  advertised  as  of  benefit  to  the  individual,  are  symptoms  of 
acute  exhaustion,  breathlessness,  rapid  heart  action,  arythmia,  cyano- 
sis (dilatation  of  right  heart),  and  collapse;  later  loss  of  weight, 
nervous  and  mental  exhaustion,  lack  of  quickness  of  thought,  loss  of 
muscle  elasticity,  dull  and  listless  eyes,  unhealthy  skin,  and  general 
fatigue,  necessitating  going  on  the  sick  list  to  recover  from  auto- 
intoxication due  to  the  circulation  of  waste  combustive  products 
within  the  body.  Still  later  effects  have  been  noted  in  those  of 
athletic  history  in  the  naval  service,  conditions  applicable  to  athletic 
strain  affecting  future  usefulness.  Statistics  proving  favorable 
longevity  in  the  case  of  athletes  are  based  on  those  who,  as  the  sur- 
vival of  the  fittest,  handed  their  names  down  to  posterity;  included 
in  the  nonathletic  class  are  the  weak  physiques  and  the  near-athletes 
who  failed  to  make  the  team,  and  these  last  are  particularly  more  apt 
to  demonstrate  consequences,  as  experience  shows  that  as  a  usual  thing 
they  failed  because  of  lack  of  proper  basic  strength,  many  trying  to 
emulate  the  strong,  through  lack  of  proper  supervision,  to  their  detri- 
ment. 
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Statistical  comparison  should  be  made  between  the  athlete  of 
robust  physique  and  his  nonathletic  fellow  of  robust  physique. 

Kealizing,  from  the  standpoint  of  physique,  and  from  observation, 
that  conditions  affecting  physique  of  midshipmen  were  not  perfect, 
a  board  of  officers  recently  considered  the  subject,  and  the  following 
facts  were  discussed  and  recommendations  made  accordingly: 

Prior  to  the  Spanish  War  officers  were  graduated  physically  su- 
perior to  those  now  graduated,  because  the  course  then  provided  for 
the  survival  of  the  fittest,  the  weeding-out  process  beginning  on 
entrance  examination  and  continuing  throughout  the  course.  Can- 
didates physically  deficient  were  rarely  admitted  to  the  academy, 
while  the  pressure  was  such  by  reason  of  the  fact  that  but  45  per 
cent  of  those  entering  graduated,  that  the  physically  weak  who 
escaped  the  examining  board,  being  unable  to  stand  the  pace, 
dropped  out.  Of  the  graduates,  those  at  the  head  of  each  class 
in  varying  percentage  only  were  commissioned,  still  further  in- 
creasing the  selection.  At  present  about  3  per  cent  enter  after  re- 
jection with  gross  physical  defects,  and  67 \  per  cent  of  those  who 
enter  graduate,  most  of  the  failures  being  due  to  professional  causes. 
Many  enter  well  below  the  weight  and  chest  requirements,  no  other 
cause  for  rejection  than  general  poor  physique  being  applicable  to 
this  type.  These  last,  if  followed  up,  prove  to  be  poor  soil,  and,  in 
going  over  the  records  of  1,800  midshipmen,  it  was  found  that  all 
those  developing  consumption  in  their  future  service  came  from  this 
class  (no  midshipman  above  the  physical  requirements  developing 
the  disease)  ;  85  per  cent  of  those  finally  rejected  physically  (125) 
in  the  number  mentioned  were  under  weight  and  chest  requirements 
on  entrance. 

In  the  old  course,  the  summer  practice  cruises  were  of  importance 
from  the  physical-training  standpoint,  owing  to  the  constant  making 
and  furling  of  sail,  pulling  on  ropes,  and  climbing  of  rigging  in 
maneuvering  ship  on  the  sailing  vessels  used  for  instruction  during 
the  period.  Such  work  in  the  open  for  more  or  less  lengthy  periods 
at  sea  was  very  beneficial,  particularly  in  developing  both  muscular 
courage  from  going  aloft,  and  the  muscles  attached  to  the  upper 
limbs  and  chest,  which  compensated  for  the  excessive  leg  develop- 
ment no  doubt  produced,  then  as  now,  by  the  hourly  daily  marching 
to  and  fro  for  considerable  distances  in  the  aggregate,  necessitated 
by  recitations,  drills,  and  climbing  of  stairways  in  quarters  and  other 
buildings.  This  physical  development  is  now  lost  on  the  present 
cruises,  most  of  the  course  being  devoted  to  mental  effort.  The 
practical  exercises  in  various  departments  on  shore,  as  the  theoretical 
studies  have  enlarged  in  scope,  have  also  become  mental  and  no 
longer  retain  the  physical  element. 
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To  offset  the  loss  noted,  little  or  nothing  was  done  except  to  culti- 
vate voluntary  athletics,  and  this  branch  of  physical  training  has 
evidently,  by  itself  alone,  failed  to  come  up  to  expectations,  princi- 
pally because  it  reached  only  those,  as  a  rule,  for  whom  no  concern 
should  have  been  shown.  In  addition,  it  is  a  fact  that  the  services 
of  officers  have  been  lost  to  the  Government  through  overindulgence 
in  athletics,  fostered  by  overzealousness  in  applying  effort  toward 
demonstrating   the    acme   of    power   and    skill    without   restriction 

In  the  Navy  or  Army  no  great  advantage  will  accrue  if  a  few  in- 
dividuals are  capable  of  shining  physically  in  certain  lines  of  effort, 
this  being  of  questionable  benefit  when  the  great  mass  is  neglected, 
so  that  the  speed  of  the  whole  depends  on  the  slowest. 

To  obviate  the  harmful  effects  of  overindulgence  in  athletics,  the  fol- 
lowing restrictions  are  in  force :  Restriction  of  boxing  to  class  instruc- 
tion, championship  contests  being  barred;  restriction  of  contests  as 
to  number,  duration,  with  lengthened  interval  between;  restriction 
to  but  two  lines  of  effort  in  one  year,  to  prevent  constant  training; 
supervision  on  the  field  of  play  by  a  medical  officer  who  has  author- 
ity, independent  of  coaches,  to  prevent  a  contestant  from  playing,  or 
to  remove  him  from  a  game,  this  provision  having  reduced  casualties 
and  checked  tendency  to  overwork;  endurance  contests,  like  distant 
track  and  crew  racing,  are  considered  harmful  to  midshipmen,  con- 
tests of  speed  being  favored  as  developing  more  headwork  and  but 
momentary  rather  than  cumulative  strain.  The  quarter-mile  running 
race  is  now  the  limit  in  this  line,  while  crew  racing  has  still  further 
been  reduced  in  distance  from  2  miles  to  1T5^  miles.  More  gymnasium 
developmental  drill  was  recommended. 

The  strength  test  by  muscle  groups  (49  in  number)  is  used  to 
separate  the  strong  from  the  weak ;  those  who  fail  to  pass  receive  60 
hours'  gymnasium  work  additional  to  the  16  hours  now  assigned  regu- 
larly to  all  individuals  during  the  winter  months.  All  gymnasium 
drills  are  compulsory,  there  being  no  substitutions  permitted,  nor  is 
any  individual  excused.  The  effect  of  the  strength  test  is  to  bar  the 
weak  from  taking  part  in  strenuous  athletics,  so  that  the  work  of  the 
coaches  and  trainers  is  no  longer  wasted  by  having  unwieldy  squads 
to  handle,  composed  for  the  most  part  of  unfit  material.  The  athletes 
are  further  checked  as  to  fitness  by  a  separate  yearly  medical  exami- 
nation, and  by  other  examinations  during  the  season.  The  weaker 
men  have  a  strong  incentive  to  perfect  themselves  by  reason  of  the 
extra  drill  and  the  inability  to  shine  at  play. 

To  prevent  slouching,  with  consequent  yielding  in  the  spine,  flat 
chest,  and  prominent  abdomen  (sway  back),  individuals  are  assigned 
extra  drill  for  this  defect,  even  if  well  developed. 
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Swimming  is  a  necessary  accomplishment,  and  failure  to  meet  the 
requirements  caused  three  of  the  first,  class  of  this  year  to  fail  to 
graduate  with  their  fellows.  An  additional  incentive  toward  show- 
ing an  interest  in  this  accomplishment  is  the  extra  drill  periods 
assigned  in  recreation  time,  and  the  possibility  of  having  to  practice 
while  more  ambitious  individuals  are  enjoying  annual  leave. 

The  restrictions  noted  have  created  a  general  interest  in  basic  phys- 
ical improvement,  athletics  being  now  secondary,  which  is  the  proper 
relation. 

Gymnasium  drills  are  no  longer  easy-going  exercises,  or  imitative 
in  character,  such  methods  having  been  discarded  because  of  the  poor 
results  obtained,  and  because  of  the  ease  with  which  shirking  could 
be  practiced.  A  modified  form  of  the  Swedish  system  has  been  found 
to  lend  itself  very  well  to  the  training  of  physique,  and  this  system  is 
now  in  force,  so  that  all  exercises  are  in  the  nature  of  military  move- 
ments under  strict  discipline  and  command.  The  results  have  been 
excellent  (see  article  in  United  States  Naval  Institute,  June,  1912) 
and  are  certain  to  continue  so,  because  discipline  can  be  enforced  in 
the  naval  or  military  service. 

The  constant  bombardment  of  consciousness  by  words  of  command, 
followed  by  instant  action,  is  having  an  insidious  influence  in  making 
the  individual  more  responsive  to  strictly  military  orders,  which  is  a 
desirable  addition  from  the  naval  standpoint  to  good  physique  and 
muscular  control. 

Strong  and  weak  are  given  a  regular  course  of  gymnasium  work, 
because  it  has  been  found  that  the  Swedish  exercises  prevent  con- 
tractures of  muscles,  deficient  range  in  joint  movement,  defects  in 
posture,  clumsy  and  sluggish  response  to  various  impulses  of  the  will, 
and  decreased  coordination,  all  of  which  are  apt  to  be  present  even  in 
the  strong. 

In  the  general  service  conditions  are  similar  to  those  applicable 
formerly  to  the  midshipmen,  and  there  is  need  for  a  method  of  com- 
pulsory exercise  to  overcome  the  present  failure  in  results.  The  set- 
ting-up drill  has  failed  to  accomplish  its  purpose  because  of  several 
faults;  sameness;  no  insistence  on  form;  lack  of  exercises  requiring 
muscle  and  nervous  control  (muscle  courage) ;  and  lack  of  military 
command  to  prevent  monkey  like  imitation ;  and  indifferent,  perfunc- 
tory, noncohesive  response. 

The  enlisted  man  becomes  often,  after  enlistment,  well  developed 
as  a  result  of  the  work  he  is  required  to  perform;  much  of  this 
work  is,  however,  heavy  in  type  or  automatic  in  character,  there 
being  no  occasion  to  think  of  what  is  being  done.  The  result  is  a 
ponderous,  slouchy,  negative  strength,  few  of  these  individuals  being 
nljle  to  use  their  muscles  with  any  celerity  or  activity  in  movement. 
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There  is  need  also  for  forms  of  exercise  in  the  nature  of  feats,  such 
as  leaping  or  vaulting,  not  only  to  cultivate  muscular  judgment,  but 
to  momentarily  increase  the  speed  of  the  motor  apparatus,  heart,  and 
lungs,  to  improve  the  endurance  of  the  subject  which,  from  his  life 
at  sea  level,  is  nearly  always  defective. 

Consideration  is  now  being  given  to  the  question  of  adopting  a 
form  of  compulsory  physical  drill  at  all  shore  stations  and  on  board 
ship,  to  apply  to  nearly  all  officers  and  men,  which  will  provide  for 
a  daily  workout  for  all  the  muscles,  provision  being  first  made  for  a 
school  of  instruction,  so  as  to  obtain  uniformity  in  method,  and  by  a 
system  of  inspection  prevent  deterioration  from  lack  of  interest. 

This  system,  if  adopted,  will  probably  be  based  on  the  Swedish 
method  of  physical  training,  because  of  the  command  element;  the 
progression  provided,  and  the  type  of  apparatus  called  for,  the  last 
being  of  importance  because  most  of  it  exists  on  board  ship  or  can 
be  easily  improvised  without  calling  for  additional  storage  space. 


THE   PREVENTION   OF   ARTERIOSCLEROSIS    AND    HEART   DISEASE 
IN  OTHERWISE  HEALTHY  INDIVIDUALS  PAST  MIDDLE  LIFE. 

Louis  Faugebes  Bishop,  A.  M.,  M.  D.,  Clinical  Professor  of  Heart  and  Circu- 
latory Diseases,  Fordham  University  School  of  Medicine,  New  York  City; 
physician  to  the  Lincoln  Hospital. 

Every  observing  person  whose  experience  extends  past  40  knows 
that  heart  disease  is  constantly  developing  among  his  contemporaries 
who  are  otherwise  healthy.  Surprise  is  often  expressed  that  this 
man  or  that,  in  spite  of  what  seemed  to  be  right  living,  has  become  a 
victim  of  heart  disease. 

The  slightest  consideration  leads  to  the  belief  that  there  is  some 
active  hidden  agent  working  to  cause  heart  disease  and  hardening 
of  the  arteries,  and  a  little  examination  shows  that  the  causes  are 
not  those  usually  assigned.  The  healthy  old  drunkard  disproves 
alcohol  as  a  cause.  Rheumatism  more  often  attacks  the  young,  and  in 
later  life  generally  spares  the  heart  and  blood  vessels.  Men  who 
really  overwork  are  not  as  numerous  as  is  often  thought,  and  worry, 
while  a  great  cause  of  heart  disease,  is  indirect  in  its  effect. 

The  fact  is  constantly  appearing  in  the  literature  of  the  day 
that  circulatory  disease  as  shown  by  statistics  is  more  frequent  than 
formerly.  Tuberculosis  has  for  its  victims  the  most  attractive  of 
the  youth  of  the  land,  but  heart  disease  claims  the  best  and  most 
successful  of  those  past  middle  life.  Much  attention  is  being  directed 
to  tuberculosis  because  its  cause  and  progress  have  become  matters  of 
public  knowledge.     The  victims  of  heart  disease,  however,  still  too 
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often  go  for  months  and  years  without  intelligent  treatment  because 
no  one  has  pointed  out  the  danger  signals  and  because  the  interest  in 
germ  disease  has  absorbed  everyone's  attention. 

Heart  disease  and  hardening  of  the  arteries  in  nine  times  out  of 
ten  are,  I  believe,  due  to  disturbances  of  the  chemistry  of  the  body. 
The  prevention  of  h^art  disease  and  hardening  of  the  arteries  must 
be  accomplished  by  a  proper  regulation  of  the  chemistry  of  the  body, 
particularly  that  pertaining  to  the  intestines  and  the  liver.  This  is 
accomplished  through  diet,  rest,  and  exercise,  through  the  adminis- 
tration of  certain  well-defined  remedies,  and  the  limitation  of  nervous 
strain,  than  which  nothing  is  more  potent  to  upset  the  bodily  chem- 
istry. The  technical  chemistry  involved  is  difficult  and  complicated 
in  the  extreme,  and  entirely  beyond  the  comprehension  of  those  not 
specially  trained  in  the  chemistry  of  this  particular  branch  of  work. 

The  truth  is  not  found  in  popular  explanations  with  such  such  trite 
names  as  "  intestinal  fermentation,"  but  is  found  in  the  ultimate 
chemistry  of  food  substances  and  their  changes  in  the  human  body. 

The  tendency  to  heart  disease  in  otherwise  healthy  individuals 
past  middle  life  can  better  be  detected  by  a  chemical  examination  of 
the  urine  than  by  an  examination  of  the  heart  itself.  By  the  time 
the  heart  itself  shows  poisoning,  as  appreciated  by  the  sufferer  on 
account  of  palpitation,  pain,  or  shortness  of  breath,  irretrievable 
damage  has  been  done,  and  the  chemical  vice  has  become  so  deeply 
seated  that  an  extreme  regimen  is  necessary,  while  in  the  early  stages 
a  slight  modification  of  diet  and  hygiene  can  check  the  trouble. 

It  is  often  remarked  that  the  consumptive  is  fortunate  who  early 
in  his  disease  has  a  severe  hemorrhage  that  thoroughly  convinces 
him  of  the  necessity  of  treatment.  In  the  beginning  heart  disease 
and  hardening  of  the  arteries,  unfortunately,  has  no  symptoms,  and 
the  changes  in  the  organs  themselves  are  such  as  can  only  be  detected 
by  the  most  expert  examination.  Fortunate  is  the  individual  if 
the  disturbing  chemistry  of  the  body  leads  to  pronounced  suffering 
in  the  direction  of  recurrent  headache,  biliousness,  or  dyspepsia 
before  the  heart  and  blood  vessels  are  damaged,  because  these  things 
may  lead  to  treatment  and  prevention. 

The  prevention  of  heart  disease  and  arteriosclerosis  in  other- 
wise healthy  individuals  past  middle  life  can  only  be  accomplished 
infallibly  when  there  is  the  periodic  chemical  examination  of  the 
bodily  chemistry  at  stated  intervals  by  an  expert  chemist  and  when 
early  and  proper  courses  of  treatment  counteract  the  tendency  before 
damage  is  done. 

Some  of  the  large  life-insurance  companies  are  now  examining  for 
this  underlying  chemical  cause  of  heart  disease  in  otherwise  healthy 
persons  who  apply  for  large  policies,  and  yet  one  of  the  saddest  ex- 
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amples  that  I  ever  witnessed  of  chemical  damage  to  the  heart  and 
blood  vessels  was  in  the  medical  officer  of  one  of  these  very  com- 
panies. 

T  am  bringing  to  yon  definite  conclusions  that  are  the  result  of 
work  devoted  exclusively  to  the  practical  care  of  heart  patients,  but 
I  would  urge  upon  my  colleagues  who  are  privileged  to  do  laboratory 
research  the  vitally  important  bearing  of  their  work  upon  the  life 
and  well-being  of  mankind  at  the  most  useful  period  of  life. 

The  prevention  of  arteriosclerosis  and  heart  disease  in  otherwise 
healthy  individuals  past  middle  life  thus  brings  up  a  problem  that 
is  seldom  considered. 

However  much  constant  observation  may  tend  to  the  contrary, 
each  individual  considers  himself  immune  to  these  diseases,  so  the 
victim  of  heart  disease  and  arteriosclerosis  seems  to  himself  a  special 
victim  of  providence. 

So  little  is  the  prevention  of  arteriosclerosis  and  heart  disease  be- 
lieved to  be  possible  that  in  a  congress  such  as  this  it  has  been  seldom 
discussed,  nor  indeed  does  the  topic  seem  to  have  occupied  much  the 
minds  of  medical  men.  I  judge  this  because  an  extended  experience 
in  addressing  medical  bodies  on  this  topic  has  shown  that  but  few 
physicians  have  formulated  any  ideas  as  to  the  causation  of  cardio- 
vascular disease,  and  hardly  any  have  undertaken  its  prevention. 

There  are  three  conditions  of  the  medical  mind  that  are  met  with. 
It  is  comparatively  easy  to  stimulate  interest  in  one  who  has  poorly 
developed  but  on  the  whole  correct  ideas  concerning  the  subject.  It 
is  harder,  of  course,  but  not  hopeless  to  deal  with  the  individual  who 
has  formed  erroneous  ideas.  It  is  very  hard  to  deal  with  the  indi- 
vidual who  has  no  ideas  on  a  subject  at  all. 

Read  the  literature  on  cardiovascular  diseases,  and  you  find  a  list 
of  indefinite  and  even  absurd  causes  given  for  the  most  serious  affec- 
tions. You  find  tobacco  given  as  the  usual  cause  of  heart  disease, 
while,  in  fact,  it  is  the  cause  in  but  few  cases.  You  find  alcohol  re- 
ceiving undue  blame.  Then  again,  syphilis  and  infectious  diseases 
are  blamed,  but  they  can  only  account  for  a  few  cases.  The  damage 
to  the  heart  from  rheumatism  is  very  definite  and  well  known.  How- 
ever, the  greater  number  of  heart  patients  have  none  of  these  tilings, 
and  have  presented  a  profound  mystery  to  thoughtful  men  in  all 
times,  while  the  less  thoughtful  writer  and  practitioner  have  accepted 
the  inadequate  causes  mentioned  above  without  question.  One  of  the 
most  brilliant  writers  on  the  heart  of  the  last  half  century,  David 
Wooster,  of  California,  says: 

Permanent  disease  of  the  heart  is  derived  from  the  deposition,  in  some  portion 
of  it,  of  analogous  tissues;  that  is.  analogous  to  healthy  tissues.  The  cartilage 
and  bone  deposited  in  the  heart  and  arteries  is  analogous  to  cartilage  and  bone 
in  the  joints,  though  not  exactly  like,  either  chemically  or  physiologically.     It 
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is  disease  of  the  heart  caused  by  these  deposits  and  that  caused  by  the  depo- 
sition of  fat  in  the  substance  of  the  heart  and  also  that  caused  by  atheromatous 
deposits,  either  alone  or  in  company  with  cartilage  and  bone,  with  which  we 
are  most  concerned. 

We  are  accustomed  to  say  that  heart  disease  comes  of  itself.  If  one  has  an 
inflamed  eye,  we  say  that  the  eye  has  been  recently  hurt  or  exposed  to  a  cold 
wind  or  some  contagion;  if  one  has  a  fever,  we  say  he  has  been  exposed  to  its 
cause  recently.  We  recognize  these  causes,  and  always  refer  to  them  for  the 
solution  of  the  phenomena  of  acute  affections.  Not  so  with  chronic  diseases. 
We  are  apt  to  say  they  come  of  themselves,  and  yet  they  have  causes  as  definite 
and  appreciable  as  an  intermittent  fever  or  a  pneumonia,  but  they  are  so  long 
in  acting  that  we  keep  no  record  of  them  and  do  not  seek  them  until  the  dis- 
ease takes  form  and  place. 

We  do  not  know  why  this  premature  old  age  seizes  on  the  heart  rather  than 
the  lungs  or  liver ;  why  it  does  not  at  the  same  time  cause  wrinkles  and  parch- 
ment coloration  of  the  skin.  These  negative  inquiries  are  unprofitable,  and  if 
answered  would  not  elucidate  the  unsolved  problem,  Why  are  analogous  growths 
deposited  in  the  heart  at  all?  They  are  deposited  because  one  dissipates.  But 
why  does  dissipation  cause  them?  Because  it  induces  old  age.  But  why  does 
old  age  cause  these  deposits?  Because  nutrition  is  defective,  and  hence  the 
form  elements  are  dwarfed  and  imperfect.  But  why  is  nutrition  defective  in 
old  age?  Here  the  oracle  returns  no  longer  any  satisfactory  answer,  and  hence 
the  first  question  remains  unanswered  and  unanswerable ;  that  is,  we  do  not  and 
probably  never  can  know  why  analogous  growths  are  deposited  in  the  heart 
at  all. 

Undue  importance  has  been  attached  to  disease  of  the  coronary 
arteries,  but,  in  fact,  is  an  element  in  only  a  very  small  proportion  of 
cases,  and  with  a  great  majority  of  mankind  there  is  never  any  ques- 
tion of  great  muscular  strain  or  external  violence. 

Much  closer  to  the  truth,  but  not  within  its  light,  are  the  large 
number  of  authors  who  lay  great  stress  on  gout  as  a  cause  of  harden- 
ing blood  vessel  disease  in  those  past  middle  life.  These  at  least 
recognize  a  chemical  cause. 

My  own  belief  is  that  most  cases  of  cardiovascular  disease  develop- 
ing past  middle  life  are  instances  of  chronic  amino-acid  or  other  split 
product  poisoning,  and  that  the  condition  known  as  intestinal  putre- 
faction has  an  important  bearing  on  the  matter,  though  it  does  not 
seem  to  me  that  it  is  as  straightforward  an  instance  of  bacterial 
disease  as  many  at  the  present  time  maintain. 

If  we  look  about  us  in  the  world,  we  see  many  examples  of  persons 
who  are  poisoned  by  particular  articles  of  food ;  that  is,  poisoned  in  a 
way  that  makes  them  immediately  and  uncomfortably  ill.  Many 
other  people  eating  the  same  food  escape  harm,  and  we  say  that  the 
people  who  have  been  made  ill  are  idiosyncratic  to  that  particular 
kind  of  food. 

Heart  disease  seems  to  me  often  to  develop  as  a  result  of  damage 
done  by  some  material  derived  from  food  to  which  the  tissues  are 
idiosyncratic.     The  damage  also  often  comes  about  gradually  with- 
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out  disagreeable  symptoms.  The  substances  at  fault  are  in  all  prob- 
ability the  split  products  derived  from  the  breaking  down  in  the  in- 
testinal tract  of  nitrogenous  food  derived  from  eggs,  fish,  meat,  and 
soups.  Which  of  these  foods  supply  the  amino  acids  or  other  split 
products  doing  the  damage  can  only  be  determined  by  experiment 
with  the  individual  under  observation.  We  can  not  lay  down  rules 
for  everyone.  Thus,  I  have  observed  examples  in  which  almost  fatal 
heart  disease  developed  from  the  excessive  eating  of  fish ;  many  others 
are  damaged  by  an  excess  of  eggs;  and  still  a  greater  number  by  meat. 
When  the  process  is  started,  even  a  very  small  quantity  of  the  offend- 
ing food  can  keep  the  damage  going  on. 

Of  late  years  it  has  become  fashionable  to  consider  this  whole  mat- 
ter one  of  intestinal  putrefaction.  This  seems  to  be  going  too  far, 
but  it  is  a  fact  that  tke  chemical  manifestation  of  the  condition 
known  as  intestinal  putrefaction,  as  shown  by  indican  in  the  urine,  is 
a  usual  accompaniment  of  this  poisoning.  I  have  seen  very  bad  cases 
in  which  it  was  absent. 

The  early  signs  of  heart  disease  are  the  early  signs  of  poisonings 
or  protein  split  product  toxicardia,  namely,  disturbances  of  heart 
action,  in  the  form  of  rapidity,  or  premature  contractions,  and  a 
sense  of  oppression,  pain  over  the  heart,  and  shortness  of  breath  on 
exertion,  and  poor  circulation. 

A  similar  poison  may  attack  the  nerves  and  cause  neurasthenia 
or  cause  recurrent  headaches.  The  combination  of  headaches  and 
palpitation  is  quite  common. 

These  symptoms  have  often  been  described  as  dyspepsia,  without 
any  very  definite  idea  as  to  what  was  meant  by  the  term.  Dyspep- 
sia  in  itself  hardly  ever  affects  the  heart.  It  is  the  products  of  a 
wrong  chemistry  of  the  protein  food  that  does  this. 

The  study  of  many  thousands  of  specimens  and  of  a  great  number 
of  patients  leads  me  to  the  belief  that  the  natural  course  of  the 
development  of  heart  disease  is  as  follows:  At  first  the  patient  has 
no  symptoms.  Heart  disease,  in  its  early  stages,  has  no  symptoms, 
no  acidity  of  the  stomach,  no  constipation — nothing.  The  first  thing 
that  is  noticed,  if  there  is  an  accidental  examination  of  the  urine,  is 
the  presence  of  indican,  or  the  derivatives  of  skatol  or  phenol,  one  or 
all  of  the  putrefaction  group.  The  patient  has  no  symptoms  until 
one  of  several  things  happens.  After  a  long  time  the  patient  may 
have  an  attack  of  hemiplegia,  or  quite  early  he  may  have  an  attack 
of  neurasthenia ;  then  the  condition  is  recognized.  In  the  latter  case 
the  patient  undergoes  treatment,  is  sent  away,  and  frequently  escapes 
arteriosclerosis.  If  he  happens  to  escape  nervous  symptoms,  he  goes 
on  for  a  good  many  years,  possibly  excreting  indican  (being  the 
index  of  various  toxines),  and  then  after  a  while  the  excretion  of 
these  products  through  the  kidneys  damages  them.     Then  albumin 
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nuria  develops  and  a  few  hyaline  casts  appear.  These  are  often  dis- 
covered by  life-insurance  examiners,  which  is  a  very  fortunate  thing. 
If  this  is  not  the  case,  the  myocardium  often  becomes  involved.  The 
arteries  are  affected  last.  So,  some  trouble  with  the  myocardium 
develops  in  the  patient,  he  has  a  soft  murmur,  and  slight  dilatation 
of  the  heart ;  or  else  precordial  pain,  which  is  explained  by  the  reflex 
protective  phenomenon,  which  consists  of  the  fact  that  whenever  an 
unstriped  muscular  tissue  is  unable  to  do  its  work  it  irritates  that 
level  of  the  spinal  cord,  and  the  sensory  nerves  passing  through  it 
are  irritated,  so  that  the  nerve  gives  rise  to  pain  that  is  felt  in  the 
brain  and  referred  to  the  distribution  of  the  nerve.  The  little  boy 
who  eats  the  green  apple  has  the  same  kind  of  pain,  and  it  is  exactly 
analogous  to  the  failure  of  the  heart  muscle  which  is  poisoned  by 
amino  acids  and  has  difficulty  in  doing  its  work. 

Now,  if  the  patient  escapes  cardiac  symptoms  and  neurasthenia, 
and  albuminuria  is  not  discovered,  then  last  of  all  the  blood  ves- 
sels are  affected.  The  blood  vessels  are  not  affected  so  much  directly, 
but  indirectly,  through  the  kidneys.  The  kidneys  are  damaged  and 
unable  to  do  their  work,  except  with  additional  blood  pressure;  so 
when  the  kidneys  are  unable  to  do  their  work  properly  blood  pressure 
is  raised.  It  is  a  compensatory  phenomenon.  When  the  blood  pres- 
sure is  raised  the  heart  becomes  hypertrophied  to  more  easily  keep 
up  the  blood  pressure  and  the  blood  vessels  themselves  become  hyper- 
trophied for  the  same  reason.  We  have  at  first  the  hypertrophy  of 
the  blood  vessels  and  later  the  deposit  of  fibrous  tissue. 

I  should  say  that  in  the  early  stages  of  this  condition,  when  the 
toxic  elements  are  active,  though  excreted,  and  the  structural  changes 
have  not  taken  place  in  the  kidneys  enough  to  increase  blood  pres- 
sure, these  patients  have  low  blood  pressure  because  of  the  disturb- 
ance of  the  tone  of  the  heart  muscle  and  the  muscular  elements  of  the 
blood  vessels.  The  moment  the  kidneys  become  at  all  incompetent 
there  is  a  tendency  to  high  blood  pressure. 

Thus  we  have  a  vicious  circle — we  have  the  hypertrophied  heart 
and  blood  vessels  and  the  damaged  kidneys.  The  kidneys  and  blood 
vessels  are  progressively  damaged,  and  at  the  end  of  25  or  30  years 
the  patient,  who  started  with  indicanuria,  has  changed  into  a  typical 
case  of  Bright's  disease,  with  hypertrophied  heart  and  blood  vessels 
and  liability  to  terminal  apoplexy,  uraemia,  or  cardiac  dilatation. 
This  is  the  natural  history  of  a  case  of  heart  disease. 

So  much  for  a  general  consideration  of  the  subject,  which  is  neces- 
sary to  the  logical  conclusion  with  reference  to  prevention. 

The  importance  of  intestinal  putrefaction  has  been  dwelt  upon  by 
many  writers  and  is  no  doubt  a  long  step  in  the  right  direction.  A 
low  protein  diet  seemed  at  the  time  when  it  was  advocated  a  great 
advance  in  accomplishing  good,  as  is  often  the  case,  even  if  adminis- 
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tered  under  a  misconception.  T  now  believe  in  and  advocate  the  few 
protein  diet,  which  seems  to  justify  itself  by  the  results  I  have 
observed.  It  is  founded  on  the  belief  that  heart  disease  is  not  caused 
by  a  high  protein  diet  as  such,  but  by  the  action  of  some  amino  acid 
or  other  split  product  derived  from  some  particular  protein  food  or 
foods  to  which  the  individual  attacked  is  idiosyncratic.  I  believe,  as 
mentioned  above,  that  conscious  poisoning  of  many  individuals  by 
particular  protein  derivatives  points  in  this  direction. 

So  a  person  eating  the  great  variety  of  protein  foods  found  in  a 
modern  dietary  is  laying  himself  open  to  the  attack  of  many  different 
kinds  of  split  products,  any  one  of  which  may  be  the  one  which  is  to 
do  him  harm.  If  he  cuts  out  one-half  of  his  proteins  he  is  by  that 
much  safer.  If  he  is  willing  to  do  with  a  single  protein  he  is  almost 
certain,  on  the  theory  of  chances,  to  escape  that  which  will  do  him 
damage. 

In  Dr.  Chittenden's  laboratory  it  has  been  shown  that  animals  get 
along  fairly  well  through  several  generations  on  single  proteins.  I 
have  also  abundantly  proved  that  human  beings  sick  with  heart  dis- 
ease not  only  can  stand  a  single  protein  diet,  but  usually  become 
improved  when  on  it. 

This  theory  explains  to  me  several  things  that  have  always  been 
obscure,  namely,  in  the  first  place,  the  relative  iinf ruitfulness  of  the 
quantitative  investigation  of  the  nitrogen  intake  and  outgo  in  dis- 
ease. The  matter  being  one  of  quality  and  not  of  quantity,  the  reason 
becomes  plain  enough. 

The  fact  that  the  poisoning  is  not  the  same  in  every  case  nor, 
indeed,  often  in  any  two  cases,  explains  the  great  variety  of  different 
combinations  of  symptoms.  In  one  patient  migraine  is  very  promi- 
nent ;  in  another,  pain  derived  from  the  heart  muscle ;  in  another  the 
kidneys  are  early  affected;  in  others  the  nervous  system  is  pro- 
foundly involved. 

The  prevention  of  heart  disease  in  otherwise  healthy  individuals 
past  middle  life  is  a  matter  of  dietetic  management  and  the  avoid- 
ance of  all  those  things  which  may  upset  the  chemistry  of  the  body. 
The  chemistry  of  the  body  can  be  upset  by  nerve  strain,  anxiety, 
and  stress;  it  can  be  upset  by  the  abuse  of  drugs,  particularly  the 
saline  laxatives  and  mineral  waters;  it  can  be  profoundly  upset  by 
accidental  food  poisoning.  It  can  be  disordered  by  an  acute  illness, 
particularly  one  involving  the  liver.  Nor  should  we  forget  the 
necessity  of  rest  and  exercise. 

In  the  presence  of  any  suspicion  of  commencing  trouble  a  course 
of  treatment  should  be  taken  consisting  of  castor  oil  and  a  temporary 
diet  from  which  eggs,  fish,  meat,  and  soups  are  excluded,  cheese 
being  allowed  to  supply  nitrogen  in  the  safest  form.  When  the 
danger  seems  to  be  past  the  protein  food  should  be  added  one  article 
66692— vol  2,  ft  1—13 43 
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at  a  time,  as,  for  instance,  meat  once  a  day,  and  later  eggs  or  fish; 
but  the  number  of  kinds  of  protein  food  must  be  kept  within  limits 
according  to  the  condition  of  the  individual.  At  first  the  person  may 
be  idiosyncratic  to  only  one  or  two  forms  of  food.  A  person  with 
advanced  heart  disease  is  idiosyncratic  to  most  forms  of  protein  food. 
A  very  thoughtful  physician,  Dr.  Edward  Cornwall,  of  Brooklyn, 
said  in  a  recent  article : 

In  this  connection  I  should  like  to  call  attention  to  the  value  of  dietetic 
treatment  in  the  prophylaxis  of  cardiovascular  disease.  Many  individuals  are 
destined  from  their  birth  to  die  of  this  disease.  Even  if  they  take  ordinarily 
good  care  of  themselves  when  middle  life  comes  their  their  heart,  arteries,  or 
kidneys  begin  to  wear  out.  This  may  be  due  to  the  poor  material  of  which 
their  vascular  system  is  made  or  to  abnormally  functioning  organs,  especially 
an  insufficient  liver.  Whatever  may  be  the  particular  weakness  in  their 
makeup,  that  weakness  should  be  favored.  This  can  best  be  done  when  we 
suspect  an  individual  of  being  in  this  predestined  class — and  the  suspicion  is 
always  excited  by  a  family  history  of  apoplexy,  Bright's  disease,  diabetes, 
obesity,  or  chronic  rheumatism — by  giving  him  an  antiputrefactive  diet,  which 
is  approximately,  though  not  necessarily,  completely  lacto-vegetarian  and 
which  is  limited  in  quantity  to  his  physiological  requirements,  and  by  starting 
him  on  that  diet  as  early  as  possible.  And  those  who  engage  in  the  strenuous 
life,  especially  in  the  cities,  living  this  strenuous  life  differently  from  their 
ancestors  and  unhygienically,  can  with  advantage  make  the  work  which  their 
food  puts  on  their  already  strained  cardiovascular  system  as  light  as  possible 
by  such  dietetic  prophylaxis. 

Much  of  this  is  true.  In  concluding  these  remarks,  I  would  like 
to  emphasize  the  following  points: 

The  causes  and  prevention  of  heart  disease  have  been  considered 
in  the  past,  as  shown  by  my  quotation,  as  matters  of  great  obscurity, 
and  often  placed  on  the  shoulders  of  Providence. 

I  would  like  to  emphasize  the  analogy  between  the  universally 
recognized  idiosyncracy  of  some  individuals  to  particular  articles 
of  protein  food  that  produce  in  them  symptoms  of  pain,  and  the  un- 
conscious idiosyncracy  of  many  others  to  split  products  derived  from 
protein  which  produce  damage  without  conscious  symptoms. 

I  would  like  to  urge  the  importance  of  periodic  chemical  examina- 
tions of  supposedly  healthy  individuals  past  middle  life  to  detect  and 
correct  conditions  that  would  lead  to  heart  disease. 

T  would  like  to  again  express  my  belief  that  the  abuse  of  saline 
laxatives  and  their  disturbing  influence  on  the  chemistry  of  the  body 
tend  to  the  production  of  heart  disease,  leaving  castor  oil  now,  as 
ever,  the  safest  and  best  remedy  for  those  threatened  with  protein 
poisoning. 

Lastly,  those  attacked  with  a  tendency  to  heart  disease  must  receive 
courses  of  treatment  at  intervals,  such  as  are  so  finely  developed  in 
the  cure  resorts  of  Europe,  and  which  we  are  now  adopting  in 
America,  and  which  can  be  found  in  New  York  and  other  great  cities. 
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THE   PHYSIOLOGICAL   HYGIENE   OF   WORK   IN   COMPRESSED   AIR.* 

J.  J.  R.  Macleod,  Physiological  Department,  Western  Reserve  University, 

Cleveland,   Ohio. 

It  is  now  a  well-established  fact  that  the  symptoms  from  which 
caisson  workers  and  deep-sea  divers  are  so  often  liable  to  suffer, 
during  or  shortly  after  they  return  from  the  increased  air  pressure 
to  the  atmospheric,  are  due  to  the  development  of  bubbles  of  nitro- 
gen in  the  body  fluids  and  tissues.  While  subjected  to  the  increased 
pressure  the  latter  dissolve  air  in  direct  proportion  to  the  pressure, 
the  blood,  first  of  all,  and,  later,  the  more  remote  parts.  So  far, 
the  physical  condition  of  the  blood  does  not  become  altered;  it  cir- 
culates as  freely  as  before,  and  the  tissues  remain  perfectly  normal 
in  structure.  If  the  pressure  be  now  very  gradually  lowered,  the 
excess  of  dissolved  gas  will  be  so  slowly  thrown  out  of  solution  that 
it  will  be  discharged  into  the  alveolar  air  without  any  of  it  appear- 
ing in  a  free  state  as  bubbles  in  the  blood ;  but,  if  the  decompression  be 
more  rapid,  the  gas  will  be  discharged  too  quickly  to  permit  of  its 
removal  before  free  gas  has  formed,  so  that  the  blood  and  tissues 
will  become  loaded  with  bubbles. 

The  appreciation  of  these  principles  has  led  in  recent  years  to 
the  adoption  of  methods  of  safeguarding  the  workers  against  the 
development  of  symptoms,  and  of  treating  them  when  these  appear, 
that  have  rendered  work  in  compressed  air  incomparably  safer  than 
formerly.  There  are,  however,  several  details  in  connection  with 
the  practical  application  of  these  principles  that  remain  to  be  evolved, 
and  it  is  more  especially  with  regard  to  these  details  that  we  will 
deal  in  the  present  paper.  They  may  be  classified  under  (1)  the 
working  conditions  while  under  the  compresed  air,  and  (2)  the 
safeguards  against  the  development  of  symptoms-  during  or  after 
decompression. 

The  working  conditions  in  a  caisson  are  somewhat  different  from 
those  at  atmospheric  pressure,  on  account  of  the  fact  that  the  air,  by 
its  compression,  is  warmer  and  is  loaded  to  saturation  point  with 
moisture.  It  has  also  been  thought  that  the  supposed  harmful  influ- 
ence of  carbon  dioxide  would  become  exaggerated  in  compressed  air, 
and,  indeed,  one  investigator,  Snell,  has  attributed  the  cause  of  the 
illness  to  this  gas.  It  can  easily  be  shown,  however,  that  such  is  not 
the  case,  but  that,  as  in  ventilation  at  atmospheric  pressure,  the  per- 
centage of  carbon  dioxide  serves  merely  as  a  convenient  indicator  of 
the  adequacy  of  any  system  of  ventilation.  The  baneful  influence 
of  the  hot,  wet  air  in  the  caisson  depends  on  its  interference  with  the 
heat-regulating  mechanism  of  the  body.  By  doing  muscular  work 
the  temperature  of  the  body  tends  to  rise;  under  ordinary  conditions 
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this  rise  is  prevented  by  increased  dissipation  of  heat  from  the  sur- 
face of  the  body,  brought  about  partly  by  increased  radiation  and 
partly  by  the  evaporation  of  sweat. 

In  warm,  moist  air,  however,  neither  of  these  mechanisms  can  oper- 
ate, and  as  a  consequence  the  body  temperature  does  not  become  prop- 
erly adjusted,  the  workman  feels  uncomfortable  and  disinclined  for 
hard  work,  the  skin- becomes  flushed  and  warm,  and  there  is  excessive 
perspiration.  When  such  working  conditions  are  repeated  day  by 
day  the  appetite  is  likely  to  fail,  partly  because  of  the  tendency  of 
the  body  to  suppress  the  activity  of  the  metabolic  processes,  so  as  to 
keep  down  heat  production,  and  partly,  no  doubt,  because  the  diges- 
tive processes  are  working  below  par  on  account  of  there  being  less 
blood  circulating  through  the  visceral  blood  vessels;  it  has  been  sent 
to  the  surface  of  the  body  to  be  cooled  off.  The  worker  therefore 
tends  to  take  less  food,  his  metabolism  becomes  depressed,  and  his 
factors  of  safety  against  bacterial  infections  become  lessened. 

The  risk  of  symptoms  appearing  on  decompression  is  also  greater 
when  the  air  in  the  caisson  has  been  moist  and  hot,  for  the  heart  has 
been  overworking  to  maintain  the  blood  flow  in  the  dilated  vessels;  it 
gets  fatigued  and  is  consequently  unable  to  maintain,  during  decom- 
pression, a  rate  of  blood  flow  that  is  adequate  for  carrying  the  gas- 
saturated  blood  to  the  lungs  where  the  excess  of  gas  becomes  dissi- 
pated. 

The  criterion  of  proper  working  conditions  in  the  caisson  is  there- 
fore the  wet-bulb  temperature.  This  should  stand  below  75°  F.  To 
maintain  such  conditions  it  is  necessary  to  ventilate  the  caisson, 
preferably  with  air  that  has  been  cooled  by  cold-water  radiators; 
in  any  case,  the  ventilation  should  be  adequate  to  keep  down  the  wet- 
bulb  temperature.  The  increased  expense  of  ventilation  with  cooled 
air  would  soon  be  balanced  by  the  greater  working  efficiency  of  the 
men.  Constant  circulation  of  the  air  in  the  caissons  by  means  of 
fans  assists  also  in  improving  the  conditions,  for  it  will  help  to 
increase  dissipation  of  heat  from  the  body. 

As  illustrating  the  relative  importance  of  the  physical  condition 
of  the  air,  as  against  the  percentage  of  carbon  dioxide,  as  a  factor 
in  producing  the  baneful  effect  of  a  confined  atmosphere,  the  follow- 
ing experiment,  recorded  by  Leonard  Hill,  is  most  instructive: 

Eight  students  were  shut  up  in  an  air-tight  chamber,  and  after  44 
minutes  the  wet  bulb  reading  was  83°  F,  and  the  percentage  of  CO. 
5.26  per  cent.  During  all  of  this  time  the  students  were  becoming 
progressively  affected ;  full  of  fun  and  hilarity  at  the  start,  they 
became  before  long  quiet  and  uncomfortable.  The  air  was  then  made 
to  cirrulate  by  turning  on  electric  fans,  and  although  the  CO* 
and  the  temperature  continued  to  rise  the  students  immediately  felt 


Maeleod.]  HYGIENE   OF    WOKk    in    COMPBESSED   ah;.  G77 

relief,  which,  however,  immediately  returned   when  the  fans  were 
turned  off. 

Equally  striking  results  have  been  obtained  by  observing  the  pulse 
rate  following  muscular  work  in  relation  to  humidity  and  chemical 
purity  of  the  air.  With  the  wet  bulb  between  8G°  F.  and  \U  F.,  in 
an  atmosphere  containing  no  C02,  the  pulse  rate  for  the  first  minute 
after  work  was  142,  falling  in  the  next  minute  to  118.  With  the 
wet  bulb  practically  the  same  in  an  atmosphere  containing  about 
5  per  cent  CO^  and  10.7  per  cent  O2,  the  minute  pulse  rates  following 
the  same  amount  of  work  were  148,  144,  and  130.  W^ith  the  wet 
bulb  lowered  by  20°  F.  by  means  of  artificial  cooling  and  fans,  but 
the  C02  and  02  the  same,  the  rates  were  134,  110,  and  104. 

Turning  now  to  the  control  of  decompression,  a  great  many  inter- 
esting and  important  considerations  have  recently  been  submitted, 
especially  by  Haldane,  Boycott,  and  Damant,  who  undertook  an 
investigation  of  the  question  for  the  British  Admiralty,  and  by  Hill 
and  his  collaborators.  The  most  important  of  these  concern  the  rela- 
tive value  of  gradual  and  stage  decompression.  To  understand  the 
principles  governing  the  desaturation  of  the  body,  we  must  go  a 
little  more  fully  into  the  question  of  the  distribution  of  the  dissolved 
gas  in  the  body,  while  the  pressure  is  rising  and  falling.  For  this 
purpose  we  may  consider  that  the  only  gas  concerned  is  nitrogen. 
The  blood  in  the  capillaries  of  the  lungs  must  dissolve  nitrogen  in 
proportion  to  the  pressure  of  this  gas  in  the  alveoli;  the  blood  carries 
the  dissolved  gas  to  the  tissues  and  these  dissolve  it  until  the  pressure 
is  again  equalized  between  them  and  the  blood.  The  blood,  after 
giving  up  its  excess  of  dissolved  nitrogen,  returns  to  the  lungs  and 
again  becomes  saturated,  and  this  goes  on  until  blood  and  tissue  have 
become  saturated  with  gas  at  the  external  pressure.  The  tissues  are 
two-thirds  water  and  they  contain  (in  man)  from  15  to  20  per  cent 
of  fat.  Fat,  however,  dissolves  five  times  more  nitrogen  than  water 
(Vernon),  consequently,  it  takes  longer  for  a  given  volume  of  tissue 
than  of  blood  to  become  saturated  at  a  given  pressure. 

The  blood  in  man  constitutes  one-twentieth  of  the  body  weight ;  so 
^lat  if  the  tissues  were  all  liquid  they  would  dissolve  20  times  as 
much  nitrogen  as  the  blood.  On  account  of  the  fat  which  they  con- 
tain, however,  the  tissues  take  up  more  than  this  proportion,  namely, 
in  an  average  man  about  35  times  more  than  the  blood.  All  the 
blood  in  the  body  takes  about  one  minute  to  complete  a  round  of  the 
circulation,  so  that  in  this  time,  after  being  suddenly  subjected  to  an 
increased  pressure,  assuming  that  the  blood  circulates  equally 
throughout  the  body,  the  tissues  will  be  one-thirty-fifth  saturated ; 
in  the  next  minute  another  thirty-fifth  of  thirty-four  thirty-fifths 
will  be  saturated,  and  so  on.     After  five  minutes  the  body  will  be 
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about  22  per  cent  and  in  25  minutes  about  one-half  saturated ;  but  it 
will  take  about  two  hours  before  saturation  is  complete.  These  cal- 
culations assume  that  the  blood  is  evenly  distributed  throughout  the 
body,  but  this  is  not  the  case,  for  its  mass  movement  varies  con- 
siderably in  different  parts,  being  much  greater  in  the  active  muscles 
and  in  the  glands  than  in  passive  structures,  such  as  fat  and  in  the 
joints.  These  less  vascular  parts  will  therefore  lag  behind  the  others 
in  taking  up  their  full  quota  of  gas,  and  therefore  prolong  the  time 
necessary  for  complete  saturation  of  the  body  as  a  whole. 

We  see  therefore  that,  after  some  time  in  compressed  air,  the  blood 
and  active  tissues  will  be  saturated  and  contain  volumes  of  dissolved 
gas  in  proportion  to  their  relative  bulks;  the  fat,  although  not  sat- 
urated, will  yet  contain  up  to  five  times  more  gas  than  an  equal 
volume  of  blood  and  the  passive  tissues  will  be  incompletely  satu- 
rated. 

These  considerations  regarding  the  saturation  of  the  different  parts 
of  the  body  apply  also  in  its  desaturation.  Suppose,  for  example, 
that  the  external  pressure  is  suddenly  lowered ;  the  blood,  on  leaving 
the  lungs,  will  contain  no  excess  of  gas ;  when  it  reaches  the  tissues  it 
will  remove  gas  until  the  pressure  is  equalized,  discharge  this  into 
the  alveoli  and  return  again  for  more.  Other  things  being  equal, 
it  will  take  the  same  number  of  minutes  to  desaturate  that  it  took 
to  saturate,  and  the  parts  of  the  body  that  will  lag  behind  the  others, 
in  being  dissaturated,  are  those  with  a  sluggish  circulation. 

When  the  mass  movement  of  the  blood  is  increased  by  muscular 
exercise,  the  rate  of  saturation  and  desaturation  with  nitrogen  is  in- 
creased in  proportion.  During  active  work  the  increase  in  movement 
of  the  blood  may  be  four  or  five  times  over  the  normal,  so  that  the 
tissues  of  the  caisson  worker  become  much  more  quickly  desaturated 
than  the  above  figures  would  lead  one  to  expect. 

With  regard  to  the  application  of  these  principles  in  the  practice 
of  decompression,  it  is  evidently  impracticable  to  occupy  so  much 
time  in  doing  this  as  it  has  taken  to  saturate  the  body.  We  must 
therefore  determine  what  difference  of  pressure  between  the  external 
air  and  the  body  may  be  allowed  without  any  of  the  dissolved  ga$ 
forming  bubbles.  Haldane  points  out  that  experience  shows  that 
there  is  no  risk  of  bubbles  forming  unless  the  air  pressure  exceeds 
20  pounds,  or,  allowing  5  pounds  as  a  margin  of  safety,  it  is  im- 
possible for  any  bubble  formation  to  occur,  however  quickly  the  de- 
compression, after  exposure  to  -f-  15  pounds  pressure  (i.  e.,  2  atmos- 
pheres absolute).  "Now,  the  volume  of  gas  capable  of  being  liber- 
ated on  decompression  to  any  given  pressure  is  the  same,  if  the  rela- 
tive diminution  of  pressure  is  the  same."  (Haldane.)  On  reduction 
from  4  to  2  atmospheres,  the  same  volume  of  gas  will  tend  to  be 
liberated  as  on  reduction  from  2  to  1  atmospheres,  that  is  to  say,  no 
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bubbles  will  form.  The  practical  conclusion  is  "thai  the  absolute 
air  pressure  can  always  be  reduced  to  half  the  absolute  pressure  at 
which  the  tissues  are  saturated  without  risk."  Thus,  after  saturation 
at  00  pounds  absolute  pressure  (-f-  5  atmospheres),  a  man  can  be 
immediately  decompressed  to  45  pounds  (+2  atmospheres)  in  a  few 
minutes  without  risk,  but  from  this  point  on  the  decompression  must 
be  conducted  slowly,  so  as  to  insure  that  the  nitrogen  pressure  in  the 
tissues  is  never  more  than  twice  the  air  pressure.  The  great  ad- 
vantage of  this  method  is  that  it  makes  the  greatest  possible  use  of 
difference  of  pressure  between  tissues  and  blood  in  order  to  get  rid 
of  the  gas  that  those  contain. 

When  the  decompression  from  the  start  is  gradual  the  desaturation 
of  the  tissues  will  progressively  lag  behind  that  of  the  blood,  and  the 
tendency  to  the  liberation  of  free  gas  will  become  greater.  To  make 
this  clear,  let  us  suppose  that  the  body  is  saturated  at  40  pounds  pres- 
sure, and  that  the  pressure  is  lowered  by  2  pounds  per  minute.  At 
the  end  of  five  minutes,  the  pressure  will  be  30  pounds,  or  an  average 
of  35  pounds  during  the  five  minutes.  In  this  time,  about  20  per 
cent  of  the  excess  of  nitrogen  would  disappear,  that  is  to  say,  20  per 
cent  of  the  difference  between  40  pounds  and  35  pounds,  so  that  the 
pressure  of  nitrogen  in  the  tissues  will  now  correspond  to  saturation 
at  39  pounds  pressure  or  9  pounds  above  the  actual  air  pressure.    At 

the  end  of  the  next  five-minute  period,  the  pressure  in  the  air  will  be 

(oq ok\ 
39— -  -  ^  -  y 

or  16.2  pounds  higher;  and,  by  applying  the  same  calculation,  this 
difference,  by  the  time  atmosphere  pressure  is  reached,  will  amount  to 
26.5  pounds,  which,  as  we  have  seen,  will  very  likely  cause  bubbles  to 
appear. 

When  the  decompression  is  continuous  from  the  start,  it  is  far 
too  slow  at  first  and  far  too  rapid  later.  Theoretical^,  therefore,  the 
decompression  should  be  rapid  at  first  and  very  slow  later. 

Time  will  not  permit  of  our  considering  the  numerous  experiments 
of  Haldane,  and  of  Hill,  and  their  respective  associates,  in  testing 
these  considerations.  It  is  enough  to  say  that,  although  it  has  been 
shown  by  both  schools  that  stage  decompression  is  somewhat  safer 
than  gradual  decompression,  the  difference  is  not  so  great  as  might 
be  expected  on  theoretical  grounds.  On  decompressing  goats  that 
had  been  for  varying  periods  of  time  in  +  75  pounds  pressure,  partly 
by  the  stage  and  partly  by  the  uniform  method,  Boycott  and  Damant 
found  the  former  to  be  decidedly  safer,  for  82  per  cent  showed  no 
symptoms,  whereas,  by  the  uniform  method,  only  47  per  cent  went 
free.  The  advantage  of  the  stage  decompression  is  particularly  after 
short  exposures.  On  the  other  hand.  Hill  and  Greenwood,  using  pigs 
and   rabbits,  could   make  out   no  definite  advantage   for  the  st.ige 
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method.  The  two  methodsdiave  also  been  compared  in  actual  caisson 
work  at  the  Elbe  Tunnel,  where  the  pressure  was  +  2  atmospheres. 
Verj  little  advantage  could  be  demonstrated  for  the  stage  as  com- 
pared with  the  uniform  method  at  this  comparatively  low  pressure. 
The  general  conclusion,  which  we  may  draw,  is  that  the  stage  method 
should  be  employed,  although  it  is  not  to  be  expected  that  it  will 
absolutely  insure  absence  of  decompression  symptoms. 

Regarding  the  permissible  initial  drop  in  pressure,  and  the  dura- 
tion of  the  succeeding  decompression,  working  tables,  based  on  the 
above  experimental  work,  have  been  issued  by  the  admiralty  com- 
mittee, and,  more  recently,  by  Japp,  who  found,  in  actual  practice, 
that  the  older  tables  were  impracticable  on  account  of  the  length  of 
time  required.  Japp  bases  his  table  on  the  assumption  that  there 
is  little  risk  of  bubble  formation  when  decompression  from  27 
pounds  is  effected  in  9  minutes,  and  he  has  shown,  in  his  extensive 
practice  at  the  East  Eiver  tunnels,  that  his  working  table  is  safe  and 
that  it  is  possible  to  persuade  the  workmen  to  adopt  it. 

There  are  two  other  factors  that  are  to  be  considered  in  hastening 
the  desaturation  of  the  tissues;  these  are  muscular  exercise,  and  the 
breathing  of  an  indifferent  gas. 

It  is  clear,  from  what  has  already  been  said,  that  the  gas  dissolved 
in  the  tissues  will  become  removed  in  proportion  to  the  mass  move- 
ment of  the  blood,  and  it  is  probably  true*  that  muscular  exercise, 
performed  in  the  decompression  chamber,  is  of  as  great  importance 
in  preventing  the  subsequent  development  of  symptoms  as  a  much 
prolonged  decompression.  In  a  man  at  rest,  the  circulation  through 
the  central  nervous  system  and  the  viscera  is  constantly  influenced 
by  the  pumping  action  of  the  respiratory  movements,  but  in  the 
capillaries  of  the  muscle  joints,  fat,  etc.,  this  influence  is  not  felt  and 
the  blood  flows  more  slowly.  It  is  consequently  in  these  parts  that 
bubble  formation  is  likely  to  occur,  especially  some  time  after  decom- 
pression. The  bubbles  cause  the  neuralgic  pains;  the  "bends"  and 
"screws"  so  well  known  to  caisson  workers.  These  could  no  doubt 
be  entirely  prevented  by  muscular  exercise  and  massage  of  the  limbs 
during  decomposition.  In  illustration  of  these  facts  the  following 
experiment  by  Greenwood  may  be  cited :  During  decompression  from 
+75  pounds  pressure  in  95  minutes  "  Greenwood  flexed  and  extended 
all  the  limb  joints  at  frequent  intervals,  with  the  exception  of  the 
knees.  Subsequently  pain  and  stiffness  were  experienced  in  the 
knees  and  nowhere  else."  In  another  experiment  the  knees  also  were 
flexed  and  no  pain  was  felt. 

Bui  even  in  the  parts  with  active  circulation,  the  gas  in  the  tissues 

may  lag  considerably  behind  that  in  the  blood,  even  when  the  decom- 

m  has  been  properly  controlled.     This  has  been  very  cleverly 
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shown  by  Leonard  Hill  in  the  case  of  the  kidney.  The  "  tissue  "  gas 
in  this  case  can  be  taken  as  the  gas  dissolved  in  the  urine,  by  ana- 
lyzing which,  therefore,  at  different  stages  of  decompression,  the  ex- 
cess of  nitrogen,  over  which  it  should  be  at  the  external  pressure,  can 
be  ascertained.  Hill  and  his  coworkers  have  found,  on  decompression 
from  +30  pounds  by  two  stages  to  zero,  that  a  considerable  super- 
saturation  existed.  To  expel  this  excess  of  nitrogen  the  effect  of 
breathing  oxygen  was  tried,  and  it  was  very  definitely  shown  that 
the  dissolved  nitrogen  could  be  lowered  to  one-quarter  the  normal 
amount.  "  The  results  show  that  the  excess  of  nitrogen  can  be  cleared 
out  of  the  kidneys  rapidly  and  completely  by  breathing  oxygen,  and 
this  would  make  it  safe  to  shorten  the  stages  of  decompression  con- 
siderably."    (L.  Hill.) 

When  symptoms  do  appear,  they  can,  in  most  cases,  be  relieved  by 
recompression,  and  all  modern  caisson  works  are  provided  with  a  spe- 
cial chamber  for  this  purpose.  We  need  scarcely  say  anything  about 
this  treatment  here,  as  its  value  is  so  well  known.  Suffice  it  to  say 
that  although  it  is  most  likely  to  afford  relief  when  applied  as  soon 
as  possible  after  the  appearance  of  the  symptoms,  yet  it  is  often 
efficacious  when  applied  several  days  after  their  onset. 

'Although  the  writer  was  previously  associated  with  Leonard  Hill  in  some 
of  the  work  embodied  in  this  paper,  he  has  not  been  recently  so  engaged.  The 
paper  is,  therefore,  in  large  part  a  compilation  from  the  recent  literature,  espe- 
cially from  Hill's  Ca'isson  Sickness,  London,  1912,  in  which  full  references  to 
the  work  of  Haldane,  von  Schrotter,  Keays,  and  others  will  be  found. 
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